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ARTHUR V. EVERITT, B.Sc. and CAROLYN WEBB, B.Sc. 
(From the Department of Physiology, University of Sydney, N.S.W. Australia) 


The connection between growth and aging 
has been recognized for some time. In 1564, 
Cardanus (4) suggested that slow growth was 
associated with a long life. This hypothesis has 
received considerable attention in the twentieth 
century and much evidence has been accumu- 
lated in its favor. The literature on this subject 
has been reviewed in articles by Backman (2), 
Comfort (5, 6), Heilbrunn (10), Lansing (11, 
12), McCay (13), Saxton (19), and Silberberg 
and Silberberg (22). Perhaps the best known 
work is that of McCay (14, 16), in which re- 
tardation of growth, due to severe caloric re- 
striction, resulted in a significant extension of 
the life span of rats. However, in a homogene- 
ous group of rats, living on the same diet, Sher- 
man and Campbell (20) could find no differ- 
ence in the rates of growth between short and 
long lived animals. 

Zucker and associates (27) have formulated 
an equation which defines optimal growth in 
rats. It is the purpose of this present study to 
explore the relationship between changes in 
body weight and life duration in rats whose 
growth conforms to the optimum suggested by 


Zucker. 


MATERIALS AND METHODS 

Sixty-eight male albino rats, derived from 
non-inbred Wistar ancestors, were used in this 
study. The animals were housed in 7 cages, 
kept in a small air-conditioned room at a temp- 
erature of 25 + | C. and relative humidity of 
55 + 10 per cent. Natural light was excluded 
from the room and artificial fluorescent light- 
ing was kept on for about 8 hours per day. 
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Animals were fed ad libitum on a diet of rat 
cubest which had the following composition: 
protein 21.7 per cent, fat 2.4 per cent, carbo- 
hydrate 55.6 per cent, fiber 4.0 per cent, water 
8.3 per cent, and ash 8.0 per cent (consisting of 
CaO 2.7 per cent, P.O, 1.26 per cent, and NaC! 
0.7 per cent). 

Rats were weighed at weekly or fortnightly 
intervals to the nearest gram on a Chatillon 
compression balance from weaning until na- 
tural death. Body weights of individual rats at 
100, 200, 250, 300, and 400 days of age were 
obtained by graphical means from these weigh- 
ings. The growth of these animals closely 
agreed with the optimum proposed by Zucker 
and associates (27, 28), except for a short pe- 
riod between 95 and 105 days, when their 
growth was retarded by an unsatisfactory batch 
of rat cubes. The maximum weight and the 
age at which it occurred were obtained directly 
from the records of body weights. 

Zucker’s growth parameter (k) was caleu- 


lated using the formula of Zucker and collabo- 
rators (27): 





_ log W,. — log W, 
t= 2 =... : 
ae 
t, t, 
where k = rate of growth and W,, W, = 


weights in grams at ages t,, t, days, respec- 
tively. 

For the calculations of k, over the range of 
35 to 80 days, the logarithms of the body 
weights were plotted against the reciprocals of 
the ages, and k, the slope, obtained from the 
graph. The limiting weight (A), or the weight 
attained if growth continued indefinitely at the 





t Manufactured by Animal Health Products, Chippendale, N. S. W. 





Numper 2? 








Grouy 


Very Sh 
Lived 


Short 
Lived 


Long 
Lived 
Very Le 
Livec 
Whol 
Grow 


Correlatio 


same } 
on the 

For 
variou 


above 


Bod 
weigh 
with s 
order 
weigh 
vided 
length 
scribe 
short 
846 ¢ 
days). 
body 
showr 
tained 
weigh 
(8, 25 

An 
dicate 
found 
9.35, | 
the s 
weigh 
and t 









TY 


————__. 


JMBER 2 











t of rat 
osition: 

carbo- 
, Water 
sting of 


d NaCl 


nightly 
atillon 
til na- 
rats at 
e were 
weigh- 
closely 
Zucker 
ort pe- 
1 their 
y batch 
nd the 


lirectly 


calcu- 


ollabo- 


W, = 
espec- 


nge of 

body 
cals of 
m the 
weight 
at the 





=< 








TABLE |. 


Life | | Body Weight 
Group Duration | No. |_ 
(Range) | | 
| 100 Days 200 Days | 
Very Short | 526-+13.1 | 17 247 340 
Lived (428-600) | +5.9* | +5.8 
| 

Short | 5545.4 | 17 | 254 | a | 
Lived (619-700) +6.4 +9.3 | 
Long 770412.1 | 17 256 355 | 
Lived (704-846) +5.8 28.0 | 
Very Long | 930-+16.2 | 17 | rT 

Lived | (857-1084) | | +6.0 | +8.3 
4 | | 
Whole | 726-£19.3 68 | (251 345 | 

Group (428-1084) +3.0 +3.9 
Correlation Coefficient + S.E. 68 —0.06 0.05 | 
+0.12 +012 | 

Probability | >.05 | >.05 
‘z= 


same rate, was read off the fitted line at infinity 
on the time scale. 

For other values of k the body weights at the 
various ages were simply substituted in the 
above formula. 


RESULTS 

Body Weight and Life Duration —The body 
weights of these rats at various ages, together 
with standard errors, are shown in table 1. In 
order to emphasize the relation between body 
weight and life duration, rats have been di- 
vided into 4 equal groups in terms of life 
length. These 4 groups may be arbitrarily de- 
scribed as very short lived (428-600 days), 
short lived (619-700 days), long lived (704- 
846 days), and very long lived (857-1084 
days), respectively. The change in the mean 
body weight of these 4 groups with age is 
shown in figure 1. Smooth curves were ob- 
tained in the senescent phase by averaging the 
— of both the living and the deceased rats 

» 29). 


Analysis of variance was carried out as in- 
dicated in table 2. A significant difference was 


found between the life duration groups (F = 

9.35, P < .05). This effect was due mainly to 
the significant differences between the body 
weight at 400 days of the very short lived group 
2.82, 4.70, and 


and the other 3 groups (t = 
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Tue RELATION BETWEEN Bopy WEIGHT IN GRAMS AND LIFE DurRATION IN Days. 





(Gm.) at Age at Zucker's 
ee a es Maximum Maximum Limiting 
Weight | Weight Weight 
300 Days | 400 Days (Gm.) (Days) (A) 
368 359 384 364 460 
+6.7 +11.3 +7.4 +18.0 | +8.4 
376 392 400 425 459 
+10.4 411.2 | 411.3 412.4 | +12.3 
304 | a4] ts] 489 492 
+8.5 +9.2 +9.1 | +12.2 +11.8 
379 399 413 482 77 
+9.3 | +8.8 +8.9 +14.1 +12.6 
379 391 406 436 473 
+4.5 $5.5 | +5.0 +8.9 +5.8 
0.11 | 0.38 | 0.51 | 0.62 0.20 
+0.12 | +0.11 +0.09 | +0.08 +0.12 
> .05 <.01 <.01 <.01 > .05 
/3a2 
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Fig. 1. Change in the mean body weight of 4 life 


duration groups of rats with age. 


ANALYSIS OF VARIANCE OF Bopy WEIGHTS AT 
100, 200, 300, anp 400 Days. 


TABLE 2. 


7S ee Be | 





Source of Variation | Sum of mene | df | Variance is -..% 2? 
Between times.........| 829,335 | 3 | 276,445 | 236.6 | <.01 
Between groups. 26,210 | 3 | 8,736 7.5 | <.05 
Interaction (groups X | 

times)... 14,604 | 9| 1,633) 1.4| >.05 
ee 297,946 | 256 | 1,164 
Total. 1,168,185 271 4,311 
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TABLE 3. 
- 
Group Life Duration No, 
(Range) 
I anc) acvnscpesnedecterosras §26+13.1 17 
(428-600) | 
= = = = 
Short Lived....... 65545.4 17 | 
(619-700) | 
Long Lived 770+12.1 17 | 
(704-846) 
Very Long Lived | 930416.2 | 17 | 
| (857-1084 
Whole Group. . 726419 .3 68 


(428-1084) 


foare & — | 
| es | 
|__| 


Probability . | 


Correlation Coefficient + S.E. 
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3.42, respectively, with P < .01 in each case). 
However there was some contribution from a 
significant difference at 300 days between the 
very short lived and the long lived groups (t = 
2.22, P < .05). 

Similar information may be gained from a 
study of the correlation coefficients of the life 
duration of the whole group of 68 rats on the 
body weights, as shown in table 1. From these 
r values it is clear that the early weights were 
not significantly related to the life duration. 
Significant correlation was found between life 
duration and 1) body weight at 400 days, 2) 
the maximum weight, and 3) the age at which 
the maximum weight occurred. 


Zucker’s Growth Parameter (k) and Life 
Duration.—In table 3, Zucker’s growth param- 
eter (k), calculated over various age ranges, 
has been correlated with life duration. Analysis 
of variance of this data is shown in table 4. 
The F values for the variation between groups, 
between times, and for the groups x times in- 
teraction were all significant at the | per cent 
level. Therefore the variation in k with age 
depends on the life duration group and simi- 
larly the variation in k with life duration de- 
pended on the age. 


Variation in k with age—In the case of the 
2 short lived groups, k decreased with age, but 
no such change was found in the 2 long lived 
groups. Using the sampling error variance from 
table 4, significant differences were found be- 


| 
| | W 400-W3o 
k35-80 k100-200 | 200-300 k300-400 | aN 
| , 

W400 

nd SS ees. © 
29.1 | 27.9 19.7 —11.8 — .029 
+0.6 1.1 +2.1 +5.1 +.019 
28.6 26.0 22.2 19.8 039 
+0.6 | +0.7 +1.9 | 4.7 + .008 
29.2 | 28.4 26.6 27.3 047 
+0.9 +1.2 +1.7 2.7 + .006 
27.9 | 28.2 25.8 28.8 -050 
+0.6 | 1.0 +1.4 +2.9 + .005 
28.6 27.6 23.7 23.1 027 
+0.4 +0.5 +1.0 +2.9 +.007 
—0.12 0.14 0.30 0.50 0.55 
+0.12 +0.12 +0.11 +0.09 +0.08 
> .05 > .05 <.05 <.01 <.01 

tween k,,,..,, and kyoo-soo (t 2.06, P < .05) 

and between koyo-so, ANA Kyoo-4o9 (t 6.92, P 


< .01) in the very short lived group. When 
the standard errors of the individual cells 
(table 3) were used the difference between 
Kyo0-200 ANA kyoo-go9 in the very short lived 
group became significant (t = 3.44, P < .0l). 
In the case of the short lived group, using the 
standard errors from table 3, significant differ- 
ences were found between k,,,.. and kyoo-v 
(t = 2.8, P < .01), and between k.,..,, and 
Rican (¢ = 32. P < 2). 


Variation in k with Life Duration Group— 
In the age ranges of 200 to 300 days and 300 
to 400 days, k was significantly correlated with 
the life duration of the whole group of 68 rats 
(table 3). However the correlation between 
life duration and the conventional Zucker'’s 
growth parameter, based on the early growth 
(35-80 days), was not significant (r = — 0.12, 


TaBLe 4. ANALYSIS OF VARIANCE OF ZUCKER’S 
GROWTH PARAMETERS, 











| 
Source of Variation Sum of Squares | df | Variance | ¥ i? 
| 
Between times....... 6,590.5 3 | 2,196.8 | 12.6 | <.0l 
Between groups........ 5,980.0 3 | 1,993.3 | 11.4 | <.0l 
Interaction (groups X | | 
times)....... 12,986.9 9 | 1,442.9 | 8.3 | <.0l 
one | 44,724.9 256 | 174.7 
ee | 70,282.3 | 271| 259.3 
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P > .05). Scatter diagrams, given in figure 2, 
illustrate the correlation between k, calculated 
over various age ranges, and the life duration. 
In the age range of 300 to 400 days, when the 
sampling error variance from table 4 was used, 
significant differences were found in k values 
between the very short lived group and the 
other 3 groups (t = 6.95, 8.60, and 8.93, re- 
spectively, with P < .01 in each case). The 
difference between the short lived and the long 
lived groups was not significant (t 1.65, P 


> .05). 


For k values in the age range of 200 to 300 
days, using standard errors from table 3, sig- 
nificant differences were found between the 
very short lived group and the long lived group 
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(t = 2.54, P < .05) and between the very 
short lived and the very long lived groups (t = 
2.42, P < .05). 


Relative Weight Increment and Life Dura- 
tion.—Zucker’s equation for the rate of growth 
is complicated by the use of a logarithmic func- 
tion. Possibly a growth coefficient could be 
found which would be more easily calculated 
and yet yield high correlation with life dura- 
tion. A relative growth coefficient, the ratio of 
the change in weight over a given period to 
the final weight (or initial weight if this is 
higher) was tested. This simpler measure of 
growth, when correlated with life duration, 
gave values for the correlation coefficient 
(shown in tables 3 and 5) which were slightly 
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Fig. 2. The correlation between Zucker’s growth parameter (k), calculated over 4 age ranges, and life duration. In 
kos the mean k values of each life duration group are joined by straight lines. 











132 





TaBLe 5. THE RELATION BETWEEN VARIOUS GROWTH 
PARAMETERS AND LIFE DuRATION. 


























| 
Parameter Correlation Coefficient + S.E. P 
k100—400 | 0.48 + 0.09 | <.01 
Ww Ww | 
400—100 
——_—— 0.46 + 0.10 <.01 
Ww 400 | } 
k200—400 0.49 + 0.09 | <.01 
W400—W 200 
ta 0.52 + 0.09 | <.01 
| 
Ww, Ww te | sre Seo Z ae 
i. thang | 0.53 + 0.09 | <.01 
Ww max | | 
—E | aS ——EE 
W300 
Tz —0.48 + 0.09 <.01 
400 








higher than those obtained with the corre- 
sponding k parameter of Zucker. It can be seen 
from table 3 and 5, that a correlation coeffi- 
cient of about 0.50 is obtained when the growth 
parameter involves a function of the body 
weight at 400 days. There was a slight increase 
in the magnitude of the correlation coefficient 
when the growth parameter was based on 
weight increments from later age ranges. 

A still simpler measure of growth, the ratio 
of body weights at 300 and 400 days, was 
tested, but gave slightly lower correlation with 
life duration (r = 0.48 + 0.09). 


DISCUSSION 


Disease and the Life Cycle-—The life cycle 
consists of several overlapping phases of de- 
velopment, loosely defined as growth, matura- 
tion, and senescence (22, 24). The stage of 
senescence is usually characterized by the pres- 
ence of disease which eventually terminates 
life (3). In senescence pathologic changes are 
so common and widespread that it becomes 
difficult to distinguish them from the changes 
due to physiologic aging (17). Post mortem 
examination of elderly people, healthy until 
their final illness, often reveals the presence of 
many morbid conditions (3). It would seem 
that disease and senescence are closely associ- 
ated phenomena. 

In short lived animals the terminal diseases 
commence at an earlier age than in long lived 
animals. Restriction of calories in the diet in- 
creases the life span of rats by delaying the 
onset of diseases which precede death (19). In 
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this case it takes a longer time to reach the 
stage in development when the terminal di- 
seases are due to appear. 

In the present study it was found that the 
faster an animal reached its maximum weight, 
the sooner it deteriorated and died. The highest 
correlation coefficient in this work (0.62 + 
0.08) was obtained for the relation between 
the age at which maximum weight occurred 
and the life duration (table 1). The very short 
lived rats reached their maximum weight be- 
fore other groups of rats because they con- 
tracted their terminal illness at an earlier age. 
A marked loss in body weight occurs in male 
rats as a result of disease or senescence (8, 15). 
With the onset of disease in growing rats, 
growth is suppressed, the maximum weight is 
attained, and then the body weight falls. 


From table 1, it can be seen that the dif- 
ference between the age at maximum weight 
and the life duration increased progressively 
as the life duration increased. Commencing 
with the very short lived group, the differences 
were 162, 230, 301, and 457 days, respectively, 
which were all significant at the 1 per cent 
level. Note that the delay of 162 days between 
the maximum weight and death, in the case of 
the very short lived group, is equivalent to 16.2 
years of human life. Thus even in the very 
short lived animals chronic disease may have 
been present. Autopsy revealed a 94 per cent 
incidence of lung disease in this very short 
lived group as against 94, 76, and 65 per cent, 
respectively in the longer lived groups. Ac- 
cording to Saxton (19) chronic pneumonia is 
first detectable in rats at 250 days. 


Body Size and Life Duration—lIt is known 
that in mammals the larger forms live longer 
than the smaller, probably because of their 
lower metabolic rate per unit weight (10). This 
relationship is also approximately true for 
members of the same species and sex. For male 
rats of this non-inbred Wistar strain, the life 
duration was proportional to the body weight 
maximum. Our value for the correlation co- 
efficient (0.51 + 0.09) agrees well with that 
previously obtained by McCay and associates 
(15) on male rats of the Yale strain (0.482 + 
0.05). On the other hand, the limiting body 
weight, the A parameter of Zucker and associ- 
ates (27) based on the initial rate of growth, 
was not significantly correlated with life dura- 
tion (r = 0.20 + 0.12, P > 0.05). Since A 
represents the weight that a rat would ulti- 
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mately attain if its growth was not cut short 
by disease or senescence, it is relatively inde- 
pendent of the aging process. This is not so 
for the maximum weight. A rat, in which the 
terminal disease starts early, has its growth 
process interrupted prematurely. Consequently 
its maximum weight is approximately equal to 
the body weight at the time of growth suppres- 
sion by illness. The maximum body weight is 
thus more intimately connected with disease 
and senescence than is the limiting weight, A. 
The longest lived rats were generally those 
of moderately large body size. The heaviest 
rats were, however, at a slight disadvantage 
with respect to longevity, since most of them 
died during the period of 704 to 846 days (third 
life duration group). This result could be due 
to the well known effect of overweight in di- 
minishing life expectancy (1, 7). McCay and 
associates (15) drew attention to the fact that 
the maximum weight depends not only on body 
size but also on the degree of fat deposition. 


Rats with low body weight maxima were 
usually those animals which developed their 
terminal illness early in life. Nevertheless a 
few rats of small body size did have a long life. 
Two brothers with maximum weights of 347 
and 348 Gm. lived for 958 and 846 days, re- 
spectively. However, other members of this 
litter gave quite different results (364 Gm., 457 
days; 390 Gm., 644 days; 409 Gm., 655 days). 

It is important to realize that the sex dif- 
ferences in body size and life duration are not 
consistent with this direct relationship between 
maximum body weight and life expectancy. Fe- 
males in many species are of smaller body size 
than males and yet are longer lived. Also 
growth retarded rats are smaller than normal 
rats but live longer (14, 16). 


By the time the maximum weight is reached 
degeneration has already begun. Correlation 
between life duration and body weight at an 
earlier age than the time of maximum weight 
would be of greater value in forecasting life 
expectancy. At 100 and 200 days the 4 life 
duration groups were indistinguishable. At 
300 days a statistically significant difference 
was obtained between the very short lived 
group and the long lived group, but this was 
only of limited value in predicting life expec- 
tancy since the very long lived and very short 
lived groups were not significantly different. 
From the values of the body weight at 400 days 
it was possible to separate the very short lived 
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rats from the other 3 groups. However, the 3 
longer lived groups could not be separated, at 
this time, on the basis of body weight. 


Growth and Life Duration—The relation 
between growth and life duration is dependent 
on a third variable, namely diet. There is now 
an abundance of evidence to support the theory 
that retarded growth, produced by a diminished 
intake of calories, is followed by prolongation 
of life (13, 23). On the other hand Sherman 
and Campbell (21) showed that the addition 
of certain nutrients to an already adequate diet 
leads to both an improvement in growth and 
an increase in the length of life. In this pres- 
ent work the composition of the diet was main- 
tained constant. 

From table 3 it can be seen that the initial 
rate of growth, as measured by Zucker’s k pa- 
rameter, was not significantly correlated with 
life expectancy. These results confirm the stud- 
ies of Sherman and Campbell (20), who found 
no significant difference between the growth 
rates, in the age range of 5 to 8 weeks, for 
short and long lived rats. 

Also in agreement with our findings is the 
observation of Zucker and associates (27, 28) 
that all rats of a given strain, when fed a diet 
producing optimal growth, have approximately 
the same rate of growth, k. Now in published 
longevity studies one striking feature is the 
great variation in the life duration of rats (9, 
14, 15, 20, 26). Consequently if Zucker’s k 
can be taken as constant and the life duration 
is highly variable, then the life duration is in- 
dependent of k, the rate of growth. 

This leads to the conclusion that Zucker’s 
growth parameter, based on the early growth, 
is of little value in predicting the life expec- 
tancy of rats. Indeed it is the deviation from 
Zucker’s log reciprocal line that is of impor- 
tance. In the age range of 200 to 300 days both 
the very short lived and the short lived groups 
of rats deviated significantly from the initial 
k values. These 2 groups could be separated 
in the next age range of 300 to 400 days, when 
their k values were significantly different at the 
1 per cent level. However, at no age range up 
to 400 days was it possible to separate the long 
lived and the very long lived groups on the 
basis of their k values. In effect, rats could be 
divided into 3 life expectancy classes (very short 
lived, short lived, and combined long and very 
long lived) from an analysis of their growth in 
the age range of 200 to 400 days. 
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A similar investigation was carried out by 
Robertson and Ray (18) who found that short 
lived mice had the slowest rate of growth. In 
our series the slowest rates of growth occurred 
in the 2 short lived groups, in the age range of 
200 to 400 days. These two observations would 
seem to contradict the work of McCay (14, 16), 
which clearly demonstrated that a reduction in 
the rate of growth led to an increase in the life 
expectancy. 

The reason for the difference presumably lies 
in the cause of the reduced growth. In the nor- 
mal life cycle of the male rat the body weight 
rises rapidly during the period of growth, in- 
creases slowly during maturity, and then de- 
clines in senescence (8). In our case, the very 
short lived rats had a reduced rate of growth 
because of disease or senescence, and conse- 
quently had a poor prognosis. 


On the other hand, the reduction in the rate 
of growth in McCay’s animals was due to ca- 
loric starvation, which slowed the process of 
aging. Even after 900 days of retardation, 
growth could be resumed by feeding a diet 
adequate in calories (13). This suggests that 
after 900 days of retardation these rats were 
still living in the phase of growth. 


While the present study throws no light on 
the mechanism of aging, it is of value in sort- 
ing rats into life expectancy groups. Results 
from this work may be used in matching the 
physiologic histories of body weight in rats, 
before applying the method of random selection 
to grouping. In this way animal groups may be 
rendered more homogeneous for longevity 
studies. The great variation in life duration 
that occurs even with inbred strains of rats 
(26) indicates the need for better grouping 
procedures. The relation between body weight 
changes and life duration is most useful when 
applied to the grouping of middle-aged male 
rats. 

SUMMARY 


In the case of male rats living on a diet 
which produced optimal growth, the life dura- 
tion was independent of the initial rate of 
growth, as measured by Zucker’s growth pa- 
rameter, k. 

In short lived rats the rate of growth de- 
creased significantly in the age range of 200 
to 400 days. In long lived rats there was no 
corresponding change in the rate of growth in 
this period. 
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Inherent body size, as measured by Zucker’ 
limiting weight parameter, A, was not signif 
cantly correlated with the length of life. This 
was in distinct contrast to the high correlation 
between the observed maximum weight and | 
life duration. 

The highest correlation coefficient was found 
for the relation between life duration and the 
age at which the maximum weight occurred. 

The application of these results to the fore. 
cast of life expectancy and to the grouping of 
rats in longevity studies was suggested. 
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AN AGE INVOLUTION IN THE SMALL INTESTINE OF THE MOUSE 
f 
With a Description of the Fundamental Process of Lymphoepithelial 
Metamorphosis in Intestinal Mucosa* 


WARREN ANDREW, Ph.D., M.D., AND NANCY V. ANDREW 
(From the Department of Anatomy, The Bowman Gray School of Medicine, 


There is evidence in the literature to indicate 
the occurrence of changes in the alimentary 
tract associated with the aging process. A condi- 
tion known as atzophic gastritis is present in 
over 80 per cent of normal persons from the 
fifth decade on, according to some authors 
(25, 27, 46). This condition involves a decrease 
in the thickness of the mucosa, an increase in 
infiltration by leucocytes and in aggregates of 
lymphoid tissue, and a dedifferentiation of 
fundic glands toward the pyloric type. 

The frequency of occurrence of benign polyps 
of the gastric mucosa increases with age (26, 
47). 

In an early study Goodpasture (24) found 
multiple polyps in the pyloric antrum in 7 out 
of 50 senile dogs. 

It is very difficult to obtain reliable data in 
relation to the possible age changes in the small 
intestine in man, chiefly because the degree of 
inanition preceding death can lead to marked 
changes through edema of the mucosa and 
atrophy and sloughing of the epithelium. It is 
generally believed, however, that both the mu- 
cosa and the musculature of this organ undergo 
atrophic changes in old age (28). 

For the colon, too, the statement has been 
made that atrophy occurs in old age. This 
seems probable when the definite increase of 
diverticulosis is considered. 

For one part of the intestinal tract, a particu- 
lar kind of change seems to occur in a large 
number of older individuals. The vermiform 
appendix showed obliteration of the lumen in 
over half of the individuals over 50 years of age 
in a series studied by Ribbert (41). This was 
in the absence of evidence of current or previous 
inflammation and therefore probably indicates 
a true involutionary process on the basis of pro- 
liferation of some relatively inert type of tissue. 
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The paucity of data in the literature on his- 
tologic changes with age in the alimentary 
tract and the availability of material from a 
number of relatively healthy senile mice in ou 
colony of C57 Black animals made it seem de- 
sirable to study the intestine in a series of these | 
animals. As an incidental observation in an 
earlier work (4) a change in type of connective 
tissue had been seen in 3 mice of this strain, | 
of middle-age and 2 in the senile category. 
What the significance of this change might be 
and how closely associated with the aging | 
process it is could not be studied further at that 
time due to lack of availability of material. 





MATERIALS AND METHODS 


For the present study we have used 8 young 
adult animals (128-248 days, 6 female, 2 male); 
1 animal of late middle-age (573 day female), 
and 9 definitely senile mice (713-818 days of 
age, 3 female and 6 male). 
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The animals were anesthetized by injection 
with veterinary nembutal (0.2 cc. of a solution 
of 60 mg. per cc.) and the intestine removed 
while the heart was still beating. We should | 
not have to consider, then, the factor of post- 
mortem change. There is some variation in the 
degree of adherence of the epithelium to the 
tunica propria of the villi in different animals 
which may be because of different states of di- 
gestion at the time of sacrifice or other causes. 

A segment of small intestine 4 or 5 mm. in [ 
length was fixed in Zenker’s fluid, dehydrated, | 
cleared, infiltrated, embedded in paraffin, cut at 
6 w, and stained with Ehrlich’s hematoxylin and 
eosin. This piece corresponds to the upper por- 
tion of the jejunum in man. 
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The sections were surveyed with the low 
power (100 diameters) for the general appeat- 
ance of the layers of the wall of the intestine, 
the relative amounts of fibrous connective tissue, 
and any other features of note. Then these fea- } 
tures were studied with higher magnifications, 
including oil immersion. 
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TasLE 1. CHARACTERISTICS OF LYMPHOCYTES AND Mitotic FiGURES IN THE Crypts OF LIEBERKUHN IN THE SMALL 


Intestines OF 18 C57 Brack Mice IN Fiecps INVOLVING AN AVERAGE OF 1296 EPITHELIAL CELLS PER ANIMAL, OR 


A Totat Count oF 23,328 EpirHeviaL CELLs. 





Animal Age in Degenerating Lymphocytes 
| ‘ 
Identifica- | Days, Sex 


tion | | | 


| | 

| 

Unaltered Lymphocytes & Lympho- | 
cytes in Direct Transformation | 


Mitotic Figures 





| } | Prophase | Anaphase | Anaphase | Telophase 

| Apical Level | Basal | Apical Level | Basal | Metaphase | (Aberrant) | (Normal) 

| | | | 
121 | =«128F 2 | 0 ey 26 6) 28 | 15 0 3 4 
1122 | 129M 7 1 3 10 | 9 21 23 9 8 9 
1124 | 129F | 8 s | my n | 10 15 6] = 32 6 3 1 
1125 130F | 9 o | 2 | 4“ | «6 16 86| f(t | 5 8 P| 
1126 131F 3 o | _ 16 11 20 34 7 2 6 
1127 134F 12 o | Rf 10 4 6 6| = (0 17 13 3 10 
1128 i34F | ot 2 0 | 17 a | 6 16 9 3 12 
2261 248M | 4 | 0 1 | 12 14 15 35 > 8 4 
5505 573F | 20 | 1 7 7 10 | 2 29 9 5 10 
5631 713F =| 613 1 2 4 5 8 | 39 5 7 16 
5632 | 716M | 2a | 6 3 | 3 | 3 4 | 36 9 0 5 
5634 716M 15 1 1 6 4 - | me 12 5 18 
5512 719F 12 . | 4 1 | 5 : {t @ Y 6 6 | 18 
5517 733M | 21 eo | 38 8 3 30C(‘G):ttO4 2 2 14 
5521 733F 8 o' |] 8 6 i 4 | 40 5 6 17 
5688 734M | 5 2 | 8 6 5 6 42 gs | 8 15 
5686 788M | 16 2 3 1 6 5 39 y i *©€ 17 
5646 sisM | 12 2 1 3B | 17 i 26 9 | 3 1 

7 | | 

A critical study was made under the oil im- OBSERVATIONS 


mersion lens of the cells and cellular relation- 
ship in the crypts and on the villi. In the crypts, 
fields involving an average of 1296 epithelial 
cells per animal were studied, the total being 
thus 23,328 epithelial cells. Actually, the area 
used was simply such as needed to include ob- 
servation on 100 lymphocytes and mitotic fig- 
ures. 

In table 1 the lymphocytes present in the 
crypts are characterized according to their con- 
dition as degenerating or unaltered lymphocytes 
and lymphocytes in direct transformation. The 
lymphocytes are further characterized by their 
position as basal, meaning below the epithelial 
nucleus, level, meaning at the same level as the 
epithelial nucleus, or apical, meaning above it. 


On the villi, 20 oil-immersion fields were 
studied in each animal. Here the position, 
shape, and condition of the lymphocytes were 
noted. Mitotic figures are not present on the 
villi. 

The quantitative data on cellular relation- 
ships presented in this paper concern the crypts 
of Lieberkiihn. Since special features exist in 
relation to the villi, we have reserved their de- 
tailed consideration for a future paper. 





In all of the young animals the typical his- 
tologic picture of the wall of the small intestine 
is seen. There is one difference from the wall 
of the intestine in man in that the mouse lacks 
a submucosa. The tissue between the epithe- 
lium and the circular muscle layer may all be 
designated, then, as tunica propria of the mu- 
cosa. In the young animals the crypts lie close 
together (fig. 1) and the tunica propria is 
highly cellular, with an abundance of lympho- 
cytes and plasma cells and occasional poly- 
morphonuclear leucocytes. 

In all of the 10 older animals a marked 
change has occurred. There has appeared a type 
of fibrous connective tissue in the tunica propria 
between the crypts which is almost devoid of 
cells (figs. 2 and 3). The cores of the villi re- 
main as a highly cellular tissue. In the region 
of the crypts, however, the replacement often is 
very extensive and no features other than blood- 
vessels may be seen amid the peculiar connec- 
tive tissue which has developed about the epi- 
thelial tubes. This tissue itself occurs in coarse 
blocks, ovoid or rectangular in shape in these 
cross-sections, each block some 20-40 w in 
diameter. In longitudinal section these struc- 
tures appear as coarse fibers. 
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« 
4 Fig. 1. Mucosa of the small 
intestine of a 129-day male 
mouse. The crypts lie very clow 
to one another and the tunica 
propria is highly cellular. X57), 


Fig. 2. Mucosa of the small 
intestine of a 788-day male 
mouse, The crypts in some places 
are separated widely from each 
other. The intervening space is 
occupied by coarse, lightly eosino- 
philic fibers, seen here in cross- 
section. X570. 
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1€ small Fig. 3. Mucosa of the small 

y mak } intestine of a 788-day male 

ery close d mouse. A large amount of fibrous 

e tunica § connective tissue, with very few 

. X57 — cells, is seen. A portion of the 

» surface epithelium between the 
villi is visible. X570. 
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Fig. 4. Peculiar spicule-like 
basophilic body found in the con- 
> small nective tissue of the tunica propria 

in a male mouse of 818 days. 
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Magnification of figures 5 
through 7 is X1352. In these fig. 
ures the ages are given only for 
specimen identification. There js 
no indication of any essential 
difference in the process of meta- 


morphosis in the two animals 


Fig. 5. A lymphocyte, denoted 
by arrow, which has just entered 
the epithelium of a crypt. I 
seems to have displaced an epi- 
thelial nucleus apically. From a 


573-day female mouse. 


Fig. 6. 
ocyte (arrow), of which the cell- 


A transforming lymph- 


body has enlarged and the nu- 
cleus is becoming more vesicular. 
Note again the displaced epithe- 
lial 784-day 


male mouse. 


nucleus. From a 


Fig. 7. An almost completely 
transformed lymphocyte (arrow). 
The cytoplasm stains similarly to 
that of epithelial cells and the 
nucleus is more epithelioid than 
lymphocytoid. Note the deformed 
epithelial nucleus above this cell. 
From a 573-day female mouse. 
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AN AGE INVOLUTION IN THE SMALL INTESTINE 


In a few areas in the senile animals a baso- 
philia of the connective tissue is seen. In one 
animal, our oldest specimen, this is a conspicu- 
ous phenomenon. Masses of considerable size 
and of irregular shape, often with sharp angles 
(fig. 4) are scattered in the tunica propria. 
They usually contain cells, often within clear 
spaces. All in all, these basophilic masses re- 
semble rather strongly spicules of cartilage. The 
cells seem to be of more than one type, their 
nuclei resembling in some cases those of lymph- 
ocytes, in others those of plasma cells. 


The histochemical test for calcium, by the 
von Kossa impregnation method, has proved 
negative. Thus the nature of these basophilic 
structures is not clear. 

In making a detailed study of the epithelium 
of the crypts and of the villi for possible points 
of comparison or contrast between the young 
and old specimens, we have been brought again 
to the consideration of the fundamental ques- 
tion of lymphoepithelial metamorphosis, a sub- 
ject which we considered in several earlier 
papers (2, 6, 7, 8). 

We find abundant evidence of a direct meta- 
morphosis of lymphocytes to epithelial cells all 
along the villi. The lymphoctyes are found 
primarily in two locations: 1) basal to the row 
of epithelial nuclei and 2) at the level of this 
row of nuclei. The apical position is rare on the 
villi, although very common in the crypts of 
Lieberkiihn. 

The transformation of lymphocytes to epi- 
thelial cells on the villi is indicated by their tak- 
ing up a position in which their nuclei are at 
the same level as those of the epithelial nuclei; 
by the intercalation of their cytoplasmic bodies 
snugly between those of the epithelial cells; by 
the enlargement of these bodies; and by the 
internal changes in the nuclei toward the lighter 
epithelial type. This transformation involves 
the change from an amoeboid flowing cell to a 
columnar, stable one. In many instances the 
extension of the cytoplasm of the lymphocyte 
to the lumen is initially in the form of a long, 
clear, more or less pointed process. 

In the crypts of Lieberkiihn the aspect of 
migration and transformation of lymphocytes is 
a more complicated one than on the villi. Here 
too there is abundant evidence of a process of 
direct transformation (figs. 5 though 7) but 
numerous instances of degenerative change and 
of mitotic division also are seen. 
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The numbers of lymphocytes according to 
position in relation to the epithelial nucleus and 
to state of lymphocytic nucleus and cytoplasm 
and the number of cells in the different stages 
of mitosis are given in table 1. While individual 
variations in numbers of lymphocytes are great 
among these animals, the numbers of unaltered 
lymphocytes and lymphocytes in direct trans- 
formation is very high in the young as com- 
pared to the older animals, with the exception of 
specimen 5646, the oldest animal of all. This 
animal presented a special case, with large 
numbers of unaltered lymphocytes, amounting 
to a picture of infiltration in the crypts. 

The analysis of the location and condition of 
the lymphocytes in the crypts contributes 
greatly, we feel, toward explaining their role 
here. 

We have suspected for a long time (2) that 
the description of the great amount of mitosis 
in the crypts of Lieberkiihn as representing an 
uncomplicated multiplication of the intestinal 
epithelium is an oversimplification. The early 
presentation of the wander-theory (12, 13) ac- 
cording to which the only real replacement of 
epithelial cells occurs in the crypts and the 
newly formed cells push the older ones up onto 
the villi where they eventually are sloughed off 
or desquamated was received favorably by many 
authors. Some recent workers (35) attempting 
to work out quantitative data concerning the 
time required for each complete renewal of the 
intestinal epithelium in the rat, have used this 
theory as a basis and have felt that new evi- 
dence in favor of it was afforded by their own 
observations. 

When we subject the crypts of Lieberkiihn to 
very close scrutiny and pay attention not only 
to the epithelial cells but also to the lympho- 
cytes and to the relationships between the 
lymphocytes and the epithelial cells, we see 
many features which not only are unexplained 
by the wander-theory but which seem to indi- 
cate a wholly different type of process. 

The behavior of the lymphocytes cannot be 
described as a simple migration into the crypt 
with subsequent discharge into the lumen. 
There is a marked tendency for the individual 
lymphocytes to enter the epithelial cells. Clearly 
intracellular lymphocytes are present in large 
numbers in the apical portion of epithelial cells 
(table 1 and fig. 9). Numerous lymphocytes are 
seen intercalated between the bases of two epi- 
thelial cells, while some are farther apically in 
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the intercellular position, at about the level of 
the nuclei of the epithelial cells. It would seem 
that the more common course of events for 
such lymphocytes as are to become intracellular 
in position is for them to migrate between the 
cells to a site beyond the epithelial nuclei, then 
to enter into the epithelial cytoplasm. Since 
none of the lymphocytes outside of epithelial 
cells show any sign of degeneration, the entry 
may be an active process, but this remains to be 
demonstrated. There are, it is true, some de- 
generating lymphocytes in a_ basal position 
which seem to be intracellular and to have en- 
tered the epithelial cells directly from the tunica 
propria. 

The outstanding feature about the lympho- 
cytes in the intracellular position is that prac- 
tically all of them, whether basal or apical, are 
undergoing a marked change. The changes 
which the lymphocytes are undergoing are com- 
plicated. In some cases the nucleus is tremen- 
dously increased in size (fig. 8). In others it is 
reduced to a tiny sphere in a large vacuole. In 
practically all cases, however, a process which 
we may call chromatin condensation is occur- 
ring (figs. 8 and 9). The chromatin becomes 
condensed into a few densely basophilic masses 
or sometimes into a single mass, leaving the re- 
mainder of the interior of the lymphocyte 
nucleus as a homogeneous eosinophilic sphere. 
The condensed chromatin usually is peripher- 
ally located. The eventual outcome of this 
change in many cases seems to be degeneration 
of the lymphocyte. Cases of frank breakdown or 
karyorrhexis are seen, while the reduction in 
size of many nuclei, within a clear vacuole, 
indicates karyolysis. Actually, extrusion of the 
degenerating lymphocyte is a rare phenomenon, 
the products of degeneration seeming to be 
destined to dissolve into the epithelial cyto- 
plasm. Undoubted lymphocytes in process of 
degeneration within epithelial cells, then, are 
conspicuous in the crypts of normal animals at 
all ages studied and it seems surprising that they 
have not been described by other workers. It 
may be, however, that they have been confused 
with the mitotic figures which are so abundant 
in this region. 

Mitotic figures, prophase through telophase, 
generally are from twice to several times as 
numerous as are the degenerating lymphocytes. 
It is these mitotic figures which have been as- 
sumed to be those of epithelial cells. Here we 
wish simply to describe the mitotic process and 
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its variations as seen in the crypts. The prob- 
able significance of the special features of 
mitosis will be considered. 

It must be said, however, as a matter of ob- 
jective observation, that there is a very consider. 
able resemblance between some of the degen- 
erating lymphocyte nuclei and some of the 
mitotic figures (fig. 9). This is particularly true 
of the prophase. The prophase presents a nv- 
cleus with the chromatin in the form of a thick 
ring. It may well be said to be condensed 
chromatin although the degree of condensation 
is not as great as that in the frankly degenerat- 
ing lymphocyte nuclei. The central portion of 
the nucleus remains rela‘ vly lightly stained 
(fig. 9). 

It is true that nuclei presenting more of the 
classical picture of a prophase, with the coiled 


thread or spireme, can be identified from time } 


to time. Very often these nuclei can be shown 


to be members of a pair in process of reconstitu- | 


tion, in other words, actually telophase figures. 
On the other hand, some of these nuclei may 
be actual epithelial prophases. The great ma- 
jority of nuclei which are in the initial stages 
of mitotic division in the crypts, however, show 
the ring-shaped appearance. There seem to be 
no transitional stages between a vesicular, epi- 
thelial-type nucleus containing a spireme and 
the relatively dense ring type of prophase. 
The metaphase is not a stage easy to identily 
with certainty. In some figures the masses o! 
chromosomes lined up on the equatorial plate 
can be seen in profile. In others they can be 
seen peripherally on the spindle in polar view. 


Generally, however, it is difficult or impossible | 


to separate the prophases and metaphases and 
we have believed it better to group the two to- 
gether. The anaphases and telophases are read- 
ily identifiable as such. 

It will be seen from table 1 that the combined 
group of prophases and metaphases represents 
actually the great majority of the figures. This 
is not surprising when one considers the longet 
duration of the prophase as compared to the 
other stages of mitosis. 

The anaphase figures in the crypts of Lieber- 
kiihn present a considerable variety. While 
many of them are similar to the typical picture 
of this stage, with well-formed spindle and with 
the two discrete groups of chromosomes, pro- 
ceeding toward opposite poles, others show 
varying degrees of what seems to be failure o 
the chromatin to become individualized. There 
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AN AGE INVOLUTION IN THE SMALL INTESTINE 





Fig. 8. Crypts of Lieberkiihn of a 733-day male mouse. A very large lymphocyte 
nucleus in process of degeneration is seen above (arrow), while in the epithelial cell 
below it is a completely eosinophilic lymphocyte nucleus, the condensed chromatin 
having disappeared. The crypt to the left shows a cell, which we interpret as a 
lymphocyte, in prophase. X1995. 


Fig. 9. Crypt of Lieberkiihn of a 721-day male mouse. To the left and above 
(arrow) is seen a frankly degenerating lymphocyte within the apical portion of an 
epithelial cell. Below it is one of the ring-shaped prophases. We believe that the first 
figure represents a lymphocyte which has been unsuccessful in initiating a differentiat- 
ing mitosis, while the second represents one which probably will carry through to 
produce two daughter epithelial cells. This specimen is Regaud fixed, stained with 
acid fuchsin, X1995. 
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seems to be a tendency for the condensed 
chromatin to remain so, to clump, cling, and 
adhere. 

The frequency of chromatin bridges, often 
robust and extending for considerable distances, 
is surprising for normal material. It will be seen 
from table | that the number of aberrant ana- 
phases often is as great as that of normal ana- 
phases and in some cases, as in specimen 5686, 
they are many times as numerous. Although 
there are many anaphases which are clearly 
aberrant, there seem to be few if any which 
would be unlikely to proceed to telophase. In 
other words, in contrast to some figures in the 
prophase-metaphase group, there is no indica- 
tion in the anaphase of a tendency to a break- 
up of the nuclear material with eventual death. 


The telophases have been identified as pairs 
of definitely reconstituting nuclei (two nuclei = 
one telophase). An early telophase shows two 
relatively small dense nuclei of ovoid or often 
of somewhat kidney-shaped contour with the 
hila of the two nuclei facing each other. Later 
telophases show larger, brighter nuclei often 
with a spireme and a clear nuclear sap in which 
nucleoli are appearing. The telophase nuclei 
are clearly in process of becoming more like the 
nuclei of the epithelial cells. No aberrant fea- 
tures have been noted by us in this last stage 
of mitosis. 

Single nuclei which could be either in a later 
telophase or in a prophase of an epithelial cell 
are seen. In many cases their form seems to 
indicate a telophase rather than a prophase even 
though the sister nucleus is not identifiable in 
the section. We have not attempted extensive 
use of thin serial sections to resolve this matter. 
Epithelial nuclei which by form and internal 
structure could be in prophase are extremely 
rare in our experience. 


DISCUSSION 


One of the more prominent generalizations 
which have been made concerning the process 
of senescence is that there is a tendency to 
fibrosis in many organs, a replacement of the 
parenchyma of an organ and of the originally 
delicate stroma by a coarse, heavily fibrous 
tissue. In a recent article (3) we have pointed 
out that a study of organs of laboratory animals 
does not substantiate this view for many im- 
portant organs (liver, kidney) but that in others 
(salivary glands) a great deal of replacement of 
parenchyma by adipose tissue occurs while in 
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still others (thyroid gland) a really extensiye 


fibrosis occurs. It seems from the results of the | 


present study that the tunica propria of the 
small intestine is another site in which fibrosis 
is a prominent feature in old age. The occur. 
rence of this process in all of the senile spedi- 
mens in the present series of animals, which had 


been kept under optimum conditions in ow § 
laboratory for approximately the second year of | 


their lives, seems to us to obviate infection o 
other pathologic condition as a probable caus 
of this change. 

We have considered the possibility that the 


almost hyaline type of connective tissue might | 


represent a deposit of amyloid material. Such 
deposits have been described by Dunn (19) as 


appearing spontaneously in some strains of in- f 


bred mice (A and C,H) in a number of locali- 
ties, including the interstitial tissue of Brunner’s 
glands, portions of the submucosa of the stom- 
ach, intestinal villi (location not mentioned), 
and the colon, as well as in the heart, veins, 


gonads, adrenals, and, in particular, the kidney | 
i 


(48). The amyloid deposit has an effect similar 
to that of our fibrotic change in separating the 
parenchymal elements widely from each other 
and low power figures show a considerable 
resemblance. Also, the animals used in the 
study by Dunn “had arrived at an advanced 
age.” However, the interstitial material with 


which we have been dealing, while appearing | 
rather homogeneous under low power and | 


showing very few cellular elements, is of 4 
coarsely fibrous nature. Therefore, the relation 


between it and spontaneous amyloid deposits 


in mice of advanced age, if any relation exists, 
remains problematical. 

The peculiar basophilic bodies found in one 
of our animals, the 818 day male, are of interest 
in being found in the specimen of most ad- 
vanced age and in seeming to represent a stil 
further change in the already altered inter- 
stitial tissue. Morphologically, the basophilic 
masses resemble pieces of cartilage and the 
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manner of entrapment of cells within lacunee | 
in the matrix recalls the happenings in the { 


formation of such skeletal tissue. 

The abundance of lymphocytes in intestinal 
mucosa and their movement into the epithelium 
under normal conditions has long been recog- 


nized (40). The role of the lymphocytes mi- | 


grating into the intestinal epithelium is one o 


immense importance for general concepts o 


cellular relationships and potentialities. In the 
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AN AGE INVOLUTION IN THE SMALL INTESTINE 


present study, with observation and comparison 
of sections of intestine from a number of rela- 
tively normal animals of known age and pedi- 
gree, there has been an excellent opportunity to 
review the relationship of lymphocytes to epi- 
thelial cells. 


Our own ideas concerning the role of the lymphocyte 
have developed over a period of years and as a result 
of a number of individual studies by our colleagues and 
ourselves. Our first study of lymphocytes in intestinal 
epithelium in the mouse (4) led us to conclude that 
these cells actually enter into the epithelial cells and that 
it is they which undergo mitosis. These conclusions were 
supported by further studies on human material (9) and 
by further studies on the mouse with greater attention 
to cytologic detail (10). Observation of the course of 
mitosis led us to the conclusion (2) that differentiating 
mitosis occurs in the crypts since lymphocytes enter upon 
mitosis, epithelial cells result from it. Many details of 
evidence, however, were lacking and at that time we 
were not yet aware of a direct process of metamorphosis 
of lymphocyte to epithelial cell without mitosis. 

A study of the normal epidermis of the rat and of 
man, projected primarily to ascertain changes with age, 
led to the finding of a constant occurrence of lympho- 
cytes in the basal layer and of evidence there of a direct 
metamorphosis of lymphocytes through clear cells to 
epithelial cells (6). Two quantitative studies on lymph- 
ocytes in epidermis of the rat at various ages (7, 8) 
served to confirm the occurrence of such a direct meta- 
morphosis. 

An examination of the manner of replacement of the 
intestinal epithelium in urodele amphibians (39) showed 
a process of migration of cells from the cell-nests into 
the surface layer of epithelium and a differentiation 
there to columnar epithelial cells. Further, the popula- 
tion of the cell nests appeared to be a mixed one, with 
mesodermal elements (lymphocytes) among the larger 
cells and seeming to differentiate into them. 

All these findings over many years encouraged us to 
the present detailed observations on the _ intestinal 
epithelium of the mouse in this series of animals having 
a wide range of age. In many organs, such as liver, 
kidney, and other glands, the parenchyma seems to be 
rather well set off from the cells which are circulating 
in the blood or wandering through the interstitial 
tissues. In fact, as we have pointed out (3) for several 
organs the breakdown of the barrier between parenchyma 
and blood or interstitial tissue in old age seems to be 
related to degenerative changes in the parenchyma of 
the organs involved. Sommers (43) believes that in 
some cases the most likely function which lymphocytic 
aggregations may serve is “to act upon and alter chem- 
ically the soluble autologous proteins that leak from 
unprotected cells, in a way analogous to lymphocytic 
effects upon the mild irritants or toxic materials in 
lymph passing through lymph nodes.” 

In any event, we know that many surface epithelia 
are normally the site of lymphocyte migration. In this 
regard, it may be important to note the emphasis which 
has been placed by some authors (32) upon a biologic 
classification of tissues, based on such traits as duration 
of life of cells, reproductive and regenerative properties, 
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and character of growth. Both in relation to problems 
of aging and of neoplastic growth, this classification 
often seems more useful than does that of the 4 groups, 
epithelium, connective tissue, muscle, and nervous tissue, 
which is used commonly. 

According to the biologic classification, there are 3 
groups of cells: perennial elements (such as nerve cells 
and striated muscle); stable elements (cells of liver, 
pancreas, kidney, smooth muscle cells, neuroglia); and 
labile, unstable elements (blood cells, germ-cells, and 
surface epithelia). In this classification, then, the sur- 
face epithelia are found in a different category from that 
of the epithelia of the large glands and indeed, biologi- 
cally, are placed in the group which contains the blood 
cells. 

The relationship between cell division and cell differ- 
entiation has been discussed by a number of authors. 
Bloom (15) states, “Cellular multiplication and cellular 
differentiation are distinct processes, each of which 
usually takes place only in the absence of the other.” 
Fischer and Parker (21) say, “Reproductive quiescence 
is an important factor in differentiation.” Weiss (49) 
says: “Cellular differentiation and cellular multiplication 
are two processes which, if not strictly mutually ex- 
clusive, are nevertheless markedly antagonistic in their 
tendencies.” Dawson (17), however, points out that 
an apparent inability of cells to divide cannot be ac- 
cepted as proof of a high degree of specialization. He 
gives several instances of cells, including those of carti- 
lage, which can be rejuvenated, in the sense of regaining 
their power to divide even in older animals. 


In the present observations on lymphocytes in in- 
testinal epithelium we seem to find a close compatibility 
between division and differentiation. In fact, a common 
mechanism of differentiation in the crypts, in our opin- 
ion, is by a lymphocyte mother-nucleus dividing to form 
two epithelial daughter nuclei. 

Are there examples of such phenomena which have 
been firmly established as occurring in any tissues or any 
animal species? The answer is clearly in the affirmative. 
The differentiation of the sex cells, through their various 
stages, is in part a change that occurs with mitosis and, 
we may well believe, as a result of mitosis. Thus the 
primary spermatocyte divides to give 2 secondary sper- 
matocytes while they in turn divide to give 4 spermatids. 

Among somatic cells, the myeloid elements show 
mitoses and cell divisions while differentiation is occur- 
ring. Actual differentiating mitosis in the somatic cells 
of vertebrates has been identified only in rare instances. 
Murray (37) has described in tissue culture of thymic 
epithelium two instances in which a mitotic division was 
followed from mother cells in which the original cell 
was an epithelial cell of thymus while the two daughter 
cells were an epithelial cell and a thymocyte (small 
lymphocyte) respectively. This was a culture in which 
oxygen concentration had been reduced. Differentiation 
apparently can occur also in a direct way, without 
mitosis, as Baillif (11) has described abundant forma- 
tion of thymocytes directly from epithelial cells in the 
regenerating thymus of the rat. When the findings of 
these two authors are considered together, we see a con- 
dition in the thymic tissue where differentiation from 
epithelial cell to lymphocyte can occur either directly or 
through mitosis, much as in the intestine differentiation 
from lymphocyte to epithelial cells can occur directly 





146 





(villi and crypts) or by differentiating mitosis (crypts 
almost exclusively). 

Among the invertebrate animals a number of in- 
stances of differentiating mitosis have been described. 

It may at first thought seem strange to find so much 
cell degeneration in the crypts of Lieberkiihn and to 
associate such degeneration with a process of cell differ- 
entiation and of cell replacement. If we survey the 
processes in normal ontogeny, however, we find that cell 
death is a common occurrence and in fact that, just 
when actual differentiation of tissues is in process, there 
are apt to be large numbers of cells which, failing in the 
attempt to differentiate, will perish. This is the process 
to which Gliicksmann (22) has given the term histo- 
genetic degeneration. Even in the central nervous 
system such degeneration occurs in many places and at 
various times during development (20, 29). 

Among the lymphocytes in intestinal epithelium the 
degenerative process seems to be very intimately related 
to the mitotic division. It would almost seem as though 
the lymphocyte comes to a fork in the road, where one 
branch leads to a normal lymphocyte prophase, the 
other to degeneration by chromatin condensation and 
eventual dissolution of the nucleus. The many nuclei 
which seem degenerate and yet at the same time bear 
some resemblance to nuclei in mitosis lead one to such 
a view, as does the appearance of many of the nuclei 
rather definitely in prophase and still showing evidences 
of possible degeneration. 

In the mitotic process the prophase has been shown 
to be one in which the cell is particularly apt to show 
the effects of some injurious influences. This has been 
demonstrated for the effects of radiation on germinative 
regions of the eye and brain of tadpoles (23, 44, 45); 
for spermatogonia of mice (38); for the blood-forming 
cells in tadpoles (42); and for chick fibroblasts in tis- 
sue culture (33, 34). 

The degeneration of these cells generally occurs in the 
prophase of the first mitosis following radiation. This 
probably simply means that the time of reproduction of 
a cell is to some extent a time of added stress and any 
injury may manifest itself at such a time. In the case 
of degeneration of the prophase or near-prophase lymph- 
ocytes in the crypts of Lieberkiihn, the added effort of 
differentiating change may be a factor which frequently 
precipitates degeneration. 

It is undoubtedly true that it is not easy to be sure 
of the identity of a cell once it has reached a certain 
stage in the mitotic process. The question may be raised 
as to how we know that the prophases and succeeding 
stages up to the telophase are generally those of lymph- 
ocytes. We have pointed out that the prophase is 
usually of a ring type, one which could arise readily 
from a lymphocyte in which chromatin condensation 
was occurring. Also, we see many probable transition 
stages -between such lymphocytes and these ring pro- 
phases, with hardly a case which could be interpreted 
as a transition from the large vesicular epithelial nucleus 
to the ring type. 

It is interesting to note that Leblond and Stevens 
(35) counting the mitotic figures in the various stages 
in the crypts (their table 1, p. 362, on normal rats), 
came out with as many or more cells in metaphase as in 
prophase. Since the duration of prophase is known to 
be far greater than that of metaphase, this seems to 
point to the probability of a misinterpretation of the 
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stages in their material. Actually, the figure which they 
present as a metaphase could very well be one of oy 
prophases. In other words, an investigator looking fo, 
the more classical picture of an epithelial prophase 
would be reluctant to accept the numerous ring-shaped 
figures as prophases and possibly would count as such 
daughter nuclei in telophase but on separate sections 
or possibly some interphase epithelial nuclei with varia. 
tions in internal structure. 


What evidence do we have that our own interpreta. j 


tion of the stages of mitosis is correct? And what eyi- 
dence is there that the majority of mitotic figures are 
actually those of the lymphocytes? 

The evidence for the correctness of our conclusions 
comes from two main sources 1) the apparent clog 
relationship of the mitotic figures both in their location 
and their appearance to the intracellular lymphocytes 
and 2) a comparison of the mitotic figures in the crypts 
of Lieberkiihn with those found in the germinal centers 
of lymph nodes. 

The first source we already have discussed to some 
extent. It is true, however, that the apical position of 
the mitotic figures would not be inconsistent with their 
derivation from epithelial nuclei, since columnar epithe. 


lial cells undergoing mitosis in embryonic and other | 


tissues often pull away from their basal connections and 
round up prior to division. In the crypts, however, the 
early stages of mitosis show the _lightly-staining 
spheroidal cell body in such close relationship to other 
epithelial nuclei, deforming them as do the intracellular 
lymphocytes, that it seems most probable that the 
nucleus entering mitosis actually is within the cyto- 
plasm of another cell. There usually is but little cyto- 
plasm properly belonging to the intracellular lymph- 
ocyte (fig. 9). For the mitotic figures, the cytoplasm 
is visible and varies in staining capacity from a very 
light to a color not far different from that of epithelial 
cytoplasm. This cytoplasm about the nuclear area or 
the mitotic figure might be derived from the hos 
epithelial cell or might arise through activity of the 
lymphocyte nucleus—it is not as yet possible to de- 
termine its exact origin. It is a matter of great interest 
to us, however, that in a few cases we have seen lymph- 
ocyte nuclei, poised between mitosis and degeneration, 
with very large, well-stained cytoplasmic bodies. This 
seems to indicate the ability of the lymphocyte to form 
a cytoplasmic body comparable to that of an epithelial 
cell even during this crucial period in its existence 
(figs. 10 and 11). Of course, we have ample evidence 
that the non-mitotic lymphocyte can develop such 4 
cytoplasmic body (figs. 5, 6 and 7) during its direct 
transformation to an epithelial cell. 

In earlier papers (1, 5) we have described the 
occurrence in the germinal (reaction) centers of the 
spleen and of lymph nodes of mitotic division and of 
degeneration of lymphocytes as phenomena constantly 
occurring together in normal animals. Recently, we have 
reviewed some of our material. It is clear that in these 
sites the course of mitosis is from interphase lymph- 
ocyte nuclei through nuclei with condensed chromatin 
and on to a ring-shaped prophase, just as in the cas 
of the mitoses in the crypts of Lieberkiihn. 

The concept of lymphoepithelial metamorphosis is 
one which of necessity should lead to new ways of 
thinking about many aspects of cell relationships. Still, 
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AN AGE INVOLUTION IN THE SMALL INTESTINE 


Fig. 10. An intracellular lymphocyte in the epithelium of a crypt of a 784-day male 
mouse. This figure illustrates the close similarity in appearance of lymphocytes under- 
going degeneration by chromatin condensation and of mitotic figures in the crypts. 
Here the chromatin arrangement is strongly suggestive of a metaphase but the nuclear 
membrane (arrow) seems to be intact: The nucleus of the epithelial cell in which 
the lymphocyte lies is below and to the left of the lymphocyte which itself is re- 
markably large. X1995. 


Fig. 11. The same field as in figure 10 at a slightly different focus. Here the outline 
of the lymphocyte body can be seen clearly (arrow). The cytoplasm of this dividing 
cell appears very similar to that of the epithelial cells but its eosinophilic nucleus 
containing condensed chromatin and its relationship to the epithelial cells make its 
originally lymphocytic nature, in our opinion, a matter of no doubt. X 1995. 
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it actually is in accord with much of our knowledge of 
the lymphocyte (50). 

Studies both on fixed material and on tissue cultures 
have indicated that lymphocytes may transform into 
macrophages (18, 31, 36); fibroblasts (14), polymorpho- 
nuclear leucocytes (16, 30), and plasma-cells (5). 

While it would be wrong to say that such conclusions 
have gone undisputed, still the evidence has come from 
many types of study. The multipotential character of 
the lymphocyte seems to have been firmly established. 

The ability of the lymphocytes to transform into 
epithelial cells of surface layers, however, must focus our 
attention still more sharply on this multipotential cell 
type and its relationship to the great problems of the 
aging process in the community of cells which con- 
stitutes the organism. 


SUMMARY 

1. The small intestine (jejunum) of young 
adult and of senile mice of the C57 Black strain 
has been studied in regard to (a) the general 
tissue constituents of the intestinal wall and 
(b) the details of cellular relationship in the 
epithelium of the crypts of Lieberkiihn and of 
the villi, with special attention to the role of the 
lymphocyte. 

2. In old age the development of a coarse- 
fibered connective tissue with a paucity of cells 
is a conspicuous feature in the tunica propria. 

3. The crypts frequently are widely sepa- 
rated by the newly-formed connective tissue. In 
the cores of the villi, on the other hand, it seems 
to form either not at all or very rarely. 

4. An instance is described in which a further 
differentiation occurs in the connective tissue, 
the appearance of basophilic spicule-like struc- 
tures which contain cells in lacunae. This oc- 
curred in the oldest animal of the series. 

5. In this series of animals, migrating lymph- 
ocytes in the epithelium are, in general, more 
abundant in the young than in the old animals. 

6. There is evidence at all ages of a direct 
transformation of lymphocytes into epithelial 
cells on the villi and in the crypts. 

7. The intracellular position of many lymph- 
ocytes in the crypts is a constant finding in 
young and old animals. A peculiar process of 
degeneration by chromatin condensation is de- 
scribed. Degenerating lymphocyte nuclei often 
resemble mitotic figures, particularly prophases. 

8. The abundant mitotic figures in the crypts, 
generally heretofore described as epithelial cells 
in mitosis, are interpreted by us as, at least for 
the most part, lymphocytes which are under- 
going a differentiating mitosis to give rise to 
new epithelial cells. 
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9. The concept of the multipotential nature 


of the lymphocyte and of its importance in the 
community of cells is greatly widened by the 
conclusions from this study. 


uw 


10. 
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A COMPARISON OF INTRACELLULAR NITROGEN AND METAL ION 
DISTRIBUTION PATTERNS IN THE LIVERS OF YOUNG AND OLD RATS* 


ROBERT L. GRISWOLD, M.D., Ph.D.,t{{ AND NELLO PACE, Ph.D. 
(From the Department of Physiology, University of California, Berkeley, California) 


Studies from this laboratory have recently 
been reported (7) showing that potassium, so- 
dium, calcium, and magnesium are distributed 
among the subcellular components of the rat 
liver cell in a manner which cannot be attrib- 
uted to free diffusion. Furthermore, these dis- 
tribution patterns differ for each of the metal 
ion species studied. In view of the possible im- 
portance of metal ions, especially calcium, in 
the aging process (9), it was decided to com- 
pare these distribution patterns in young and 
old rats. As a part of this investigation, the 
partition of total nitrogen between cell com- 
ponents was also measured, and the results are 
reported herein. 


METHODS 


Rat liver cell fractions were prepared by 
the method of differential centrifugation (16, 
17). The homogenized liver, suspended in 0.25 
M sucrose solution, was centrifuged for 15 min. 
at 600 x gravity. The washed sediment was 
designated the nuclear fraction. The mito- 
chondrial fraction was prepared by centrifuging 
the supernatant fluid for 7-8 minutes at 17,300 
x gravity. The mitochondrial sediment was 
washed twice. The third particulate component, 
the microsomal fraction, was obtained by cen- 
trifuging the remaining material at 102,750 x 
gravity for 30 min. and washing the sediment 
once. The fluid remaining from the above was 
designated the supernatant fraction. At each 
step, all washings were added to the corre- 
sponding supernatant fluid so that no material 
was lost. The various fractions were not pure 
preparations, but it was necessary to accept 
impurity in order to arrive at a complete bal- 
ance sheet for the cell as a whole. The fraction- 
ation method is described in more detail else- 


where (7). 
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Nitrogen determinations were performed by 
Kjeldahl digestion and titration (12). 

Potassium and sodium were measured on so- 
lutions of ashed samples by internal standard 
flame photometry. 

Calcium and magnesium were separated on 
an ion exchange column (8) and titrated by 
the versenate method of Biedermann and 
Schwarzenbach (2) on a microgram scale. 

The animals in this study were two groups 


of Long-Evans male rats, young adults, rang- § 
ing in weight from 184 to 270 Gm., and old, 


from 456 to 610 Gm. These latter rats were 
known to be at least 2 years old. 


RESULTS AND DISCUSSION 


Nitrogen: Table | shows the results of nitro- 
gen analyses of the cell fractions, expressed as 
the percentage of the whole homogenate nitro- 
gen found in each cell fraction. Each figure is 
the mean of the analyses of from 5 to 7 livers. 
The probabilities of the differences found be- 
tween young and old groups being due to 
chance were calculated by application of the 
“t” test (4), and these probabilities are given 
in the table in the column headed “P.” 

It is seen that nitrogen is distributed differ- 
ently among the cell fractions of the young and 
old animals. The old rats have a significantly 
higher proportion of nitrogen in the super- 
natant fraction and a lower proportion in the 
mitochondrial fraction than is found in the 
young. Since the mitochondria are the seat of 
the oxidative metabolism of the cell, one would 
expect that a reduction in the quantity of mito- 
chondrial material would be reflected in a di- 
minished respiratory activity. Such a change 
with age has been observed by some workers, 
but not by others. For instance, Belasco (1) 
found a decrease in oxygen uptake by male rat 
liver slices of 26 per cent between 4 and 12 
months of age. In another series by the same 
worker the decrease was 10 per cent. Pearce 
(13) reported decreases with age of the same 
order of magnitude in the liver of the mouse. 
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} Taste 1. NirroGEN ParTiTION IN LIVER CELL 

Fractions OF YOUNG AND OLD Rats. FIGURES ARE 

PERCENTAGES OF HOMOGENATE NITROGEN FouND IN 
CELL FRACTIONS. 








———— ——— 


- 7 - 
| Young (%) Old (%) 4 


é Cell Fraction 
Nuclear. ...... | 15.0 16.5 > .05 
Mitochondrial . . 26.2 20.7 <.01 
Microsomal. . 36.9 32.3 >.05 
Supernatant. . 17.7 25.8 <.05 
Recovery 95.8 95.3 | 


On the other hand, Reiner’s data (14) on 
rats show a decrease with age in the oxygen 
uptake of liver homogenate, but the author did 
not consider the difference to be a significant 
one. In a study by Ross and Ely (15), a de- 
crease with age in the oxygen uptake of rat 
liver slices was noted, but this was changed 
to a slight increase by the addition of succinate 
to the system. The other studies cited above 
used glucose as substrate. Ross and Ely (15) 
also made mitochondrial counts by microscopic 
| examination and found no change with age. 
The mitochondrial volumes and nitrogen con- 
tents, however, were not measured. 

A difference similar to ours in nitrogen par- 
tition was found between mouse liver and hep- 
atoma by DuBuy, Woods, and Showacre (6). 
In their preparations, a ratio (calculated from 
their table 1) of 0.67 was found between the 
nitrogen concentrations of the particulate ma- 
terial and the supernatant fraction of normal 
liver, while fractions prepared under similar 
conditions from a mouse hepatoma gave a ratio 
of 0.42. The parallel between the case of the 
tumor with its impaired oxidative metabolism 
and the senescent liver is an evident one. 


Taste 2. Merat Ion PartiTion IN Liver CELL 

Fractions OF YOUNG AND Op Rats. FIGURES ARE 

MICROEQUIVALENTS OF METAL IoN PER MILLIGRAM 
oF NITROGEN. 














| 
j Potassium | Sodium | Calcium Magnesium 
Cell Fraction | |—— 

[Young| Old lYoung| Old Iyoung! Old lYoung| Old 

Homogenate -| 1.21 | 1.24 |0.400 |0.372 |0.029 |0.023 |0.166 (0.152 
Nuclear... 0.87 | 0.93 |0.308 |0.264 |0.032 (0.022 |0.167 |0.148 
Mitochondrial.../ 0.87 | 0.89 0.124 |0.089 (0.055 |0.051 |0.147 \0.144 
Micrcsomal. . ..| 0.35 | 0.35 |0.147 |0.144 |0.022 |0.022 |0.221 (0.178 
Supernatant. ...| 3.67 | 3.05*/1.45 |1.10 [0.065 |0.025*/0.122 |0.099* 




















*P <.05 
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The present finding of a decrease of mito- 
chondrial nitrogen with age, accompanied by 
a comparable increase in the nitrogen of the 
supernatar:' fraction, might be interpreted as 
an artifact of the frationation procedure, pos- 
tulating a greater fragility of the mitochondria 
of aged animals, resulting in their disruption 
due to mechanical or osmotic effects, and the 
appearance of their proteins in the soluble 
fraction. However, much of the mitochondrial 
protein is notably difficult to solubilize, and it 
is hard to believe that such mitochondrial frag- 
ments would appear in the supernatant without 
also appearing in the microsomes (3). 


Metal Ions: The mean values of the concen- 
trations found for the 4 metal ions in the 
homogenate and the cell fractions are presented 
in table 2. Adding the quantities of each metal 
ion found in the cell fractions and comparing 
these to the amount found in the homogenate 
gave the following average percentage recov- 
eries: potassium, 98; sodium, 100; calcium, 106; 
magnesium, 97. 


P values for the differences between young 
and old groups were calculated, and a scatter- 
ing of significantly small values (at the .05 
level) was found, as indicated by asterisks. All 
these are in the supernatant fraction. However, 
because they are unaccompanied by significant 
differences in concentrations in the whole ho- 
mogenate, it is questionable whether any real 
importance can be attributed to them. It may 
be noted in this connection that it is a prop- 
erty of statistical tests that in any such series 
of calculations, a few “significant” differences 
will be found, in the absence of any “true” 
differences (5). 


An increase in calcium has frequently been 
mentioned as a concomitant of the aging proc- 
ess, particularly by Lansing (9, 10), who con- 
siders it to be a phenomenon of widespread 
occurrence throughout the plant and animal 
kingdoms. Concerning the hepatic metal ions 
specifically, there seems to be a difference be- 
tween species. Simms and Stolman (18) found 
increases in the hepatic concentrations of so- 
dium, potassium, calcium and magnesium in 
aged humans, while Lowry and associates (11), 
working with rats, found no changes. The pres- 
ent study is consistent with the latter, and ex- 
tends this finding of lack of differences to the 
subcellular level. 
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SUMMARY 


Cell fractions of young and old rat liver were 
prepared by differential centrifugation and an- 
alyzed for their content of nitrogen, potassium, 
sodium, calcium, and magnesium. 

Old rats showed a lower proportion of liver- 
cell nitrogen in the mitochondria and a higher 
proportion in the supernatant fraction com- 
pared to young adult rats. This observation 
may possibly be related to the lower respiratory 
rate which others found in the livers of old rats. 

No significant differences have been found 
in the metal ion distribution patterns between 
young and old rats. 
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THE PROTEIN COMPOSITION OF SPONGE-BIOPSY CONNECTIVE TISSUE 
WITH SPECIAL REGARD TO BIOPSY-TISSUE AGE 


KUNG-YING TANG KAO, M.D., Ph.D.,* ROBERT J. BOUCEK, M.D.,* AND NANCY L. NOBLE, Ph.D.* 


(From the Research Laboratories of the Miami Heart Institute, located in the laboratories of the Medical 
Research Foundation of Dade County, Miami) 


Connective tissue, which supports all arteries 
and veins, constitutes an important tissue for 
the investigation of the aging and the athero- 
sclerotic processes. For this reason, research in 
our laboratories has been directed toward the 
study of the biochemical and the physical 
chemical properties of connective tissue. This 
report on the protein composition of connective 
tissue and on the nature of this protein is a 
phase of these studies. 

Connective tissue procured by the sponge- 
biopsy technique previously described (2) was 
used throughout the study. This technique in- 
volves the implantation subcutaneously of a 
small square of polyvinyl sponge (Ivalon) tf 
with subsequent removal. Serial histologic ex- 
amination of the connective tissue obtained in- 
dicated an early minimal degree of reaction 
such as giant cells or round cell infiltration 
which disappeared with time. Normal appear- 
ing connective tissue was found filling the pores 
of the implanted sponges. Early work indicated 
that the saline-soluble globular protein can 
be separated from the saline-insoluble fibrous 
protein. The saline-soluble globular proteins 
have an amino acid composition similar to that 
reported for ground substance, while the saline- 
insoluble protein contains all the tissue hy- 
droxyproline, the amino acid hallmark of col- 
lagen (3). The lipids of biopsy-connective 
tissue from various species have been quanti- 
tated and reported from our laboratory (2, 3, 4, 
17). 

In the present paper a report will be given 
of chemical analyses and electrophoretic studies 
on various fractions of connective tissue-sponge 
biopsies obtained from rats and human sub- 
jects. Special consideration will be given to 
the effect of biopsy-tissue age upon its protein 
composition. 
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METHODS 

The connective tissue was weighed and ho- 
mogenized in physiologic saline as previously 
reported (3). The saline-insoluble fraction was 
then exposed to testicular hyaluronidase (300 
viscosity units){ under toluene for 3 days at 
37 C. in an acetate buffer, pH 5.2, containing 
0.15 M of sodium chloride (13) (table | pro- 
cedure A). The insoluble residue from the 
hyaluronidase treatment was allowed to stand 
at room temperature with 0.1 N sodium hy- 
droxide overnight and the alkali-soluble frac- 
tion removed by centrifugation. 

In order to obtain a solubilized collagen, the 
non-collagenous proteins were removed by ho- 
mogenizing in 0.5 M sodium acetate at 6 C. 
(9), and the resultant scleroprotein was then 
extracted in 0.5 M acetic acid at 6 C. for 24 
hours (10) (table | procedure B). 

A list of the different fractions obtained by 
the procedure employed is given in table 1. 

Protein, hexosamine, and lipid determina- 
tions were carried out on the saline-soluble (1). 
hyaluronidase-liberated (Ila), alkaline-soluble 
(IIb), and residual fraction (IIc). The analy- 
ses were performed on 6 pooled 36-day-old 
biopsy specimens and on 3 pooled 120-day-old 
specimens from the rat. In addition, measure- 
ments were made on 12 pooled human biopsy- 
tissue specimens, which had an age of approxi- 
mately 120 days. The nitrogen determinations 
were carried out by the microdiffusion tech- 
nique of Conway (6) following Kjeldahl di- 
gestion (11). Hexosamine was quantitated by 
a modification of the method of Elson and 
Morgan (8) and the total lipid was analyzed 
by a modified serum turbidimetric method (7). 

Amino acid analyses were performed on hy- 
drolysates of the saline-soluble and total saline- 
insoluble fractions. Connective tissue biopsies 
of 60 to 160 days’ growth from 9 adult rats and 
of 110 to 140 days’ growth from 8 adult hu- 


t Alidase (brand of hyaluronidase) was furnished for these studies 
by G. D. Searle and Company. 
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Procedure A 
I. Saline-soluble fraction 
II. Saline-insoluble fraction 
a. Hyaluronidase-liberated fraction 
b. Hyaluronidase-resistant fraction 
solubilized with NaOH 
c. Residual scleroprotein 


Procedure B 
I. Sodium acetate-soluble fraction 
II. Sodium acetate-insoluble fraction 
a. Acetic acid-soluble collagen 
b. Residual scleroprotein 
Procedure C 
I. Sodium citrate-citric acid soluble fraction 
II. Sodium citrate-citric acid insoluble fraction 
a. Alkali-soluble 


b. Residual fraction 


mans of both sexes were used in the amino acid 
analyses. 

Eighteen amino acids were determined quan- 
titatively by microbiologic assay (12). Strepto- 
coccus faecalis R (ATCC 8043) was used for 
methionine, arginine, histidine, and threonine; 
Leuconostic mesenteroides strain p-60 (ATCC 
8042) for isoleucine, proline, tyrosine, lysine, 
aspartic acid, glycine, serine, and cystine, and 
Lactobacillus plantarum (arabinosus) — strain 
17-5 (ATCC 8014) for leucine, phenylalanine, 
valine, glutamic acid, alanine, and tryptophan. 
Glutamine was added to each tube for the glu- 
tamic acid assay (14). Vitamin B, was omitted 
from the medium in the assay of alanine (15). 
Hydroxyproline was determined colorimetri- 
cally (16). 

Electrophoretic studies were carried out on 
the saline-soluble (AI), hyaluronidase-liberated 
(Alla), alkali-soluble (AIIb), sodium acetate- 
soluble (BI), acetic acid-solubilized (BlIla) 
fractions of the rat biopsy-tissue, and on the 
saline-soluble fraction (AI) of human biopsy- 
tissue. Connective tissue biopsies of 36 to 120 
days’ growth from 8 adult albino rats and of 
120 days’ growth from 9 humans of both sexes 
ranging in age from 25 to 40 years were used 
for this study. For the electrophoretic studies 
it was found necessary to desalt the saline- 
soluble, hyaluronidase-liberated and alkali-sol- 
uble fractions by passage through an Amber- 
lite monobed column.* The desalted fractions 
were evaporated almost to dryness in a vacuum 
desiccator containing phosphorus pentoxide and 
then applied to paper strips which had been 
wet with a barbiturate buffer, pH 8.6 and ionic 
strength 0.075, and drained. Twenty to 30 


* Amberlite MB-1 was provided through the courtesy of Rohm and 
Haas Company. 
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microliters of sample, which contained 1-4 mg 
protein, were applied. 
For electrophoresis of the acetic acid-solubjl- 


ized collagen (BIIa) the acetic acid superna- 


tant was clarified by ultracentrifugation 4 
29,000 rpm for 2!% hours, and 50 microliters 
containing 50-100 micrograms of protein, were 
applied to a paper electrophoretic strip saturated 
with an acetate buffer, pH 3.5 and _ ionic 
strength 0.05. 

The Spinco paper electrophoresis cell (Dur- 
rum type) was run either with a current of |0) 
ma. for 8 hours or 5 ma. for 16 hours at 6 ¢. 
for acid-soluble collagen and at room tempera- 
ture for serum and all other tissue fractions, 
The proteins, except collagen, were stained 
with bromphenol blue solution (21), the car- 








bohydrate with a periodic acid and fuchsin | 


bisulfite reagent (1), and the lipid with Oil 
Red 0 (1). The collagen strips were dyed ina 
solution containing 0.25 Gm. aniline blue and 
2 cc. glacial acetic acid per 100 cc. distilled 
water, rinsed with running distilled water, then 
| per cent acetic acid for 3 min., 95 per cent 
ethanol for | min., and dried in air. With each 
electrophoretic analysis, a parallel sample of 


serum served as a standard reference. The 


SR en 


concentration of each component on the elec- { 


TasLe 2. Prorein, HEXOSAMINE, AND Lipip CoNCENTRA 
TIONS OF Biopsy-CoNNEcTIVE TissuE (Rat AND Human) 
(Gm, per 100 Gm, wet tissue). 


Number of Tissue Samples 


| Rat, 9 Human, 12 
“a — 
Saline-Soluble Fraction (AI) 
Protein oe * sua 4.40 6.05 
Hexosamine rr 0.15 0.27 
Lipid a 0.94 2.34 
Hyaluronidase-Liberated Extract (Alla) 
Pe oe a 0.90 1 
Hexosamine 0.03 0.1 
Lipid a 
| 
Alkali Extract (AITb) | | 
Protein | 0.50 1.54 
Hexosamine 0.04 : 
Lipid 
Residue (AlTc) 
Protein | 3.20 8.91 
Hexosamine “a | 0.03 0.11 
Lipid a 1.17 1.99 
| 
Total 
Protein | 9.00 16.50 
Hexosamine 0.25 0.49 
Lipid. . 2.11 4.33 
in 








* Not determined. 








TABLE 3. 


Amino Acid 

Neutral: 
Gly 
Ala 
Ser 
Val 
Th 
Iso 
Let 

Acidic: 
As| 
Gh 


Basic: 
Arg 
Lys 
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Sulfur-Cor 


Cy: 
Me 


Aromatic: 
Pro 
Hy 
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|-4 mg, Taste 3. Amino Acip ComPosITION OF Biopsy-Connective Tissue (Rat AND HumMaAN) (Gm. PER 100 Gm. PROTEIN). 
solubil- | 
Saline-Soluble Fraction | Saline-Insoluble Fraction 
iperna- | es | in 
tion at | | Number of Tissue Samples Number of Tissue Samples 
roliters, | | _ 
) | | | | 
n, were Rat, 9 Human, 8 Rat, 9 | Human, 8 
turated —— 
1 ionic J ‘mine Acid | | 
Neutral: | 
(Dur- | Glycine | 2.55 + 0.51 | 1.52 + 0.53* 18.76 + 3.25 | 13.55 + 3.00* 
19 Alanine a 10.32 40.95 | 10.1943.13 | 8.94 + 1.54 8.42 + 2.53 
t of I Serine | 1146+ 2.61 | = 8.06 41.81 | 11.83 + 5.05 9.81 + 1.52 
at 6 C. Valine... . | 16.874 2.43 | 13.82 + 2.19* | 8.86 + 1.33 | 10.54 + 1.52* 
m Threonine 11.67 + 1.75 7.29 + 1.30" | 6.56 + 0.93 6.46 + 0.45 
pera- | “Serpe Sip 
o Isoleucine 11.75 + 2.40 10.16 + 2.01 | 6.46 + 1.13 | 8.75 + 0.82* 
actions, Leucine | 11.35 + 1.46 11.254 2.37 | 6.464 1.09 | 8.42 4 1.37" 
stained Acidic: 
he om | Aspartic acid W.i7+ 2.96 | 1.874188 | 8.894113 | 9.42 + 1.22 
fuchsin Glutamic acid. . 15.01 + 5.36 | 18.20+ 5.50 | 10.13 + 2.08 19.34 + 4.87* 
ith Oil | | | 
d ‘int Basic: | | 
ead Ina | Arginine 6.87 + 1.20 4.53 + 0.56* 10.10 + 2.18 | 8.07 + 0.62* 
ue and | Lysine | 18.66 + 2.29 17.47 + 2.65% | 10.514 1.76 | 11.81 + 1.56 
. “en 4 r 7 79% | 4 | 4 9R¢ 
istilled Histidine 3.45 + 0.55 2.72 + 0.79 0.43 + 0.14 1.03 + 0.28 
r, then Sulfur-Containing: | 
er cent | Cystine 0.66 + 0.44 1.62 + 0.81* 0.22 + 0.12 | 0.79 + 0.44" 
th each Methionine 2.85 + 1.32 2.84 + 0.85 | 1.48 + 0.69 2.70 + 0.48° 
iple of Aromatic: | 
The Proline... . 3.26 + 1.31 2.22 + 0.71 11.00 + 0.91 8.14 + 1.87* 
| Hydroxyproline 0.00 | 0.00 7.92 + 2.05 } 6.51 + 0.94 
e clec- Tyrosine 3.36 + 1.22 | 1.71 + 0.91° 0.00 0.00 
Tryptophan 0.18 + 0.03 | 0.36 + 0.20 0.04 + 0.07 | 0.97 + 0.04" 
_— Phenylalanine | 11.61 + 1.85 | 9.18 + 0.77* | 5.22 + 0.48 | 6.68 + 0.61* 
UMAN) . ee , . . ~ 
Mean values and standard deviations. 
*p < 0.05 in comparison between rat and human values of a fraction. 
Samples 
ome trophoretic strip was determined with the aid liberated, alkali-soluble (room temperature), 
| of the Spinco Analytrol scanning device. and tissue residue fractions are shown in table 
cal A special study was made on the effect of 2. It is immediately apparent that the protein 
».U0 . ° e ° ° . * ¢ . . 
apn biopsy-tissue age on the distribution of non- of the tissue was divided principally between 
2.8 | collagenous and collagenous protein (table 1, the saline-soluble and the residue fractions. 
procedure C). For this investigation the fresh Some protein was solubilized by the hyaluroni- 
‘ sponge-biopsy was sliced and shaken with a dase treatment and a smaller amount by the 
0.11 ‘itrate > . tni _ . P . ‘ 
epee buffer, pH 4.3, containing 0.1 M each alkali treatment. The protein concentration in 
ol § ‘itrate ¢ ‘itric aci : . 
. iy om ney and citric acid for 24 hours at the human connective tissue (16.5 Gm. per 
awe. 2 y eo ¥¢e » eC e e 
us a ( ? “sal emetgang in the cold = cent) was far greater than in the rat tissue, 
™ Oval O > citrate - - é i 
<= the citrate bulter supernatant, the — and the bulk (54 per cent) was located in the 
residue was shaken with 0.1 N sodium hydrox- : : 
ide for 2 : residue fraction. 
ide for 24 hours at 6 C. The total protein and 
oa hydroxyproline concentrations of the citrate- In biopsy-connective tissue of the rat and 
0.1 soluble, alkali-soluble, and residual fractions man, hexosamine was found chiefly in the sa- 
1.99 were determined. Eight 10-day tissues and 5 line-soluble fraction. The remainder of the 
180-day tissues of adult male and female rats hexosamine was about equally divided among 
6.50 were analyzed. the other fractions. Larger amounts of hexo- 
0.49 . : : , 
ra RESULTS samine were found in the hyaluronidase-liber- 
ts eo The protein, hexosamine, and lipid concen- ated and residue fractions of human tissue than 
trations of the saline-soluble, hyaluronidase- in these fractions of rat tissue. 
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Lipids were determined only on the saline- 
soluble and the -insoluble fractions and were 
equally distributed between the two. 


Amino Acid Composition of Saline-Soluble 
and Saline-Insoluble Fractions—The amino 
acid composition of the sponge-connective tis- 
sue of the rat and human is shown in table 3. 
The saline-insoluble fraction of the connective 
tissue contained all of the tissue hydroxyproline 
and Jarger concentrations of glycine and pro- 
line, amino acids which characterize collagen. 
The low concentrations of glycine and proline 
and the high concentration of tyrosine indi- 
cated that the saline-soluble fraction contained 
the non-collagenous protein of the ground sub- 
stance and protoplasma. Tyrosine was not 
found in the saline-insoluble fraction of the 
sponge-connective tissue of either the human 
or rat. Both fractions of the connective tissue 
of the rat had higher concentrations of glycine 
and arginine and a lower concentration of 
cystine than the tissue of the human. The 
saline-insoluble fraction of the connective tis- 
sue of the rat had significantly higher concen- 
trations of proline, glycine, and arginine and 
significantly lower concentrations of valine, 
isoleucine, leucine, glutamic acid, histidine, 
cystine, methionine, trytophan, and phenaylal- 
anine than a similar fraction of human connec- 
tive tissue. The saline-soluble fraction of rat 
connective tissue had higher concentrations of 
glycine, valine, threonine, arginine, histidine, 
tyrosine, and phenylalanine and lower concen- 
trations of lysine and cystine than the saline- 
soluble human tissue fraction. 

In a comparison of the amino acid compo- 
sition of 60-day-old biopsy-connective tissue 
with 160-day-old tissue of the rat, several dif- 
ferences in the saline-soluble and total saline- 
insoluble fractions were found. The older male 
biopsy-connective tissue had higher concen- 
trations of methionine and cystine in the sa- 
line-insoluble fraction and a higher concen- 
tration of lysine and lower concentrations of 
proline and phenyalanine in the saline-soluble 
fraction. The only difference observed in the 
female tissue was a larger concentration of 
cystine in the saline-insoluble fraction of the 
older tissue. 


Electrophoretic Study of Tissue Fractions.— 
Migration of the protein of the various fractions 
of rat biopsy-connective tissue in an electric 
field is depicted in figure 1. An electrophoretic 
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pattern for rat serum is shown at the bottom of 
the figure to identify the protein peaks. Sam. 
ples were applied at the points indicated by the 
short line below each pattern. In general, the 
saline-soluble fraction resembled the serum in 
electrophoretic protein pattern, i.e., albumin, 
alpha, beta, and gamma globulin. The trac 
amounts of protein in the hyaluronidase-liber. 
ated fraction were only faintly stained in the 
region of albumin. A large single protein band 
with a mobility similar to alpha, globulin was 
observed in the electrophoretic strip of the al- 
kali extract. The electrophoretic patterns of the 
saline-soluble and alkali-soluble fractions of 
human connective tissue were similar to those 


a aL 





shown for rat tissue. The mobilities of the 
serum and saline-soluble proteins of connective | 
tissue were found to be similar for a species, 
These protein components of human serum | 
and connective tissue had greater mobilities | 
than those of the rat. 
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Fig. 1. Electrophoretic patterns of biopsy-connective 
tissue and serum of the rat. 
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TaBLE 4. ELECTROPHORETIC ANALYSES OF SERUM AND 
Biopsy-CoNNECTIVE TissuE (Rat AND HUMAN) 
PERCENTAGE. 


| | Globulin 
| Albumin ae - 


) | | 


Alpha: | Alphas | Beta 


Serum and Number 
of Samples Analyzed 


| 


Protein—Rat (5) 28.3* | 14.7 | 16.1 | 19.8 21.1 
(A) +6.9 | =2.7 | +8.4 +2.3 +3.3 
Protein—Human (6)... . | 54.3 | 5.8 10.2 | 13.7 16.4 
(B) +5.3 | +1.6 +2.0 | +3.7 | +1.6 
- = | | - 
A:B zx t t+ | +t 
Lipid—Rat (5). . 20.8 47.5 31.5 0.0 
| +10.3 +19.4 +8.7 | 
Carbohydrate—Rat (5)...} 18.5 46.2 35.5 0.0 
| +3.8 +9.5 | +5.6 
Connective Tissue and | | 
Number of Samples 
Analyzed 
Saline-Soluble Fraction 
Protein—Rat (9) 44.0 27.2 0.0 | 21.5 7.2 
(C) +10.8 [414.2 | | +3.4 | +2.2 
Protein—Human (8)......| 36.9 | 12.8 | 18.0 | 18.5 | 14.0 
(D) | +13.1 | +3.9 | 46.9 | 46.1 | +4.2 
Cc:D | i t t 
A:C q + 
————$—$__— - — _ - | 
B:D | * ' | 7 
Carbohydrate—Rat (9)...| 18.1 | 40.8 | 0.0 | 40.9 0.0 
+6.5 [411.7 | +3.2 


* Mean value and standard deviation. 
tp < 0.05. 


The electrophoretic distribution of the con- 
jugated proteins of rat serum and of connec- 
tive tissue extracts is recorded in table 4. Elec- 
trophoretic strips of rat serum, which were 
stained for protein, lipid, and carbohydate, re- 
vealed that a union exists among the protein, 
lipid, and carbohydrate at the site of the al- 
bumin and beta globulin. The mobile lipid and 
carbohydrate in the area of alpha, and alpha, 
globulins were not clearly delineated to either 
of these zones. However, the lipid and the car- 
bohydrate of the serum were chiefly bound to 
the globulins. Four protein electrophoretic 
zones, albumin, alpha,, beta, and gamma glob- 
ulins, were found in the saline-soluble frac- 
tion of rat connective tissue. The protein band 
at the alpha, globulin area was consistently ab- 
sent in the saline-soluble fraction. The carbo- 


hydrate was localized principally in the zones 
of alpha, and beta globulins. Even though a 
considerable amount of lipid was found in the 
saline-soluble fraction (3), none of it migrated 
from the point of application under these ex- 
perimental conditions. The hyaluronidase-lib- 
erated fraction of rat connective tissue con- 
tained only a trace of protein, which migrated 
to the serum albumin position. The large pro- 
tein zone of the alkali-soluble fraction moved 
to the alpha, globulin position and carried with 
it a prominent carbohydrate and a small lipid 
moiety. 

Acetic acid-solubilized collagen moved a short 
distance from the origin toward the cathode in 
an acetate buffer of pH 3.5. A small amount of 
carbohydrate and lipid migrated with the sol- 
ubilized collagen. In buffers of higher pH, i.e., 
4.8 and 8.6, the solubilized collagen remained 
at the point of application. 

In general, the protein and carbohydrate 
components of all the soluble fractions of hu- 
man biopsy-connective tissue were qualitatively 
similar to those of rat biopsy-connective tissue. 
The saline-soluble fraction of human connec- 
tive tissue had electrophoretic zones corres- 
ponding to the serum bands for albumin, al- 
pha,, alpha., beta, and gamma globulins. The 
outstanding species difference between the sa- 
line-soluble tissue fractions of the two species 
was the presence in the human tissue of a pro- 
tein in the region of alpha, globulin. No species 
differences were noted in the protein, carbo- 
hydrate or lipid electrophoretic distribution in 
the alkali extract or the acetic acid-solubilized 
collagen. 

In table 4, the electrophoretic distribution of 
the proteins in the saline-soluble connective 
tissue fractions and in sera of rat and human 
are compared. Human serum had a greater 
concentration of albumin and smaller concen- 
trations of alpha,, beta, and gamma globulins 
than rat serum. There was less alpha, globu- 
lin and more gamma globulin in the saline- 
soluble fraction of human connective tissue 
than in that of the rat. The presence of alpha, 
globulin in the saline-soluble extract of human 
connective tissue and its absence in the rat has 
been alluded to in the above paragraph. 


The age of the connective tissue biopsy af- 
fected the sharpness of the electrophoretic sep- 
aration of the saline-soluble proteins. Adult 
rat tissue of 36 days of age had prominent 
albumin, alpha,, beta, and gamma globulin 
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Taste 5. THe Errect oF TissuE AGE ON THE DiIsTRIBUTION OF PROTEIN IN Biopsy-CoNnNECTIVE TissuE (Rar). does 
n 
Percentage of Total Protein Hydroxyproline/Protein X 100 se 
——_ salir 
10-day C. T.- 180-day C. T.- 10-day C. T.- 180-day C. T.- | or v 
Tissue Fraction sponge (8)* sponge (5)* pt sponge (8)* sponge (5)* pt It 
Citrate extract (CI).............. 57.68 + 2.90t | 25.46 + 3.74 < 0.001 0.68 + 0.24 1.06 + 0.36 < 0.05 tive 
Alkali extract (CIa)..............] 17.97 + 2.60 25.58 + 4.03 < 0.05 0.21 + 0.04 0.46 + 0.24 < 0.0 oe 
Residue (CIIb)................--. 24.27 + 1.84 46.98 + 2.32 < 0.001 6.72 + 0.54 7.894+0.70 | <0. lipid 
ns salir 
C.T. = Connective tissue. sue 
* Number of animals. 
t Mean value and standard deviation. are 
t p = Probability of a chance occurrence of the difference. back 
banc 
electrophoretic bands. Strips for this fraction of tissue are chiefly distributed between the sa- — 
the 120-day-old tissue, however, had blurred line-soluble and residue fractions; hexosamine may 
bands with a heavily stained background. The is found principally in the saline extract. redu 
amount of protein which failed to migrate from From the results of the electrophoretic study a 
the point of application was greater in older it seems that there is a general similarity be- aed 
biopsy ~tissue. Age of the biopsy “connective tween the mobilities of the proteins of the es 
tissue did not affect the electrophoretic distri- serum and saline-soluble fraction of biopsy- whi 
bution in the various soluble tissue fractions. connective tissue within a species. This was oe 
The results of this work did not disclose any bserved in the rat, man, dog, rabbit, and 
sex dependent electrophoretic characteristic of guinea pig. However, there are marked differ- El 
the several tissue fractions studied. ences in the percentage distribution of a pro- + 
Effect of Biopsy-Tissue Age on the Distribu- tein component between the serum and saline- i 
tion of Protein in Connective Tissue Fractions. soluble tissue fraction (table 4). In the rat, pone 
—lIn table 5, the distribution of total protein there is a greater amount of albumin and a proli 
and hydroxyproline among the citrate extract, smaller amount of gamma globulin in the sa- suggl 
the alkali extract, and the residue is compared line-soluble protein of the connective tissue than tone 
for rat connective tissue biopsies of 10 and 180 '™ the erniancer The saline-soluble protein of hu- fract! 
days’ growth. It is apparent that the proteins ™4M connective tissue contains a larger amount a 
of the citrate and alkali extracts, which con- Ff alpha, and alpha, globulins and a smaller TI 
tained only small amounts of hydroxyproline, CON¢entration of albumin - than the _ serum. pa 
were primarily non-collagenous and that the These differences in protein distribution be- slow! 
residue was composed principally of collagen- ‘Wee? the saline-soluble fraction of connective rssh 
ous protein. The hydroxyproline concentration "SSUe and the serum suggest that the proteins inter 
of each fraction of the 180-day-old sponge-con- of the saline-soluble fraction are not the result al 
nective tissue was significantly higher than in of a simple filtration of the serum proteins. Tad, 
the corresponding fraction of the 10-day- It is of interest to note that biopsy-tissue age (20) 
old sponge connective tissue. In the 10-day- affects the distribution of protein between the the /' 
old tissue, the collagenous protein concentra- soluble and insoluble fractions of rat connec- addit 
tion was about 25 per cent of the total protein, tive tissue. As noted in table 5, there is a moie' 
while in the 180-day-old tissue it was approxi- higher percentage of non-collagenous protein A 
mately 50 per cent. (citrate and alkali extracts) in the young 10- “a 
day-old biopsy than in the 180-day-old tissue. “i 
DISCUSSION This finding is in accord with the histologic cola 
Biopsy-connective tissue has been fraction- Observation that there is more ground sub- | | di 
ated into saline-soluble, hyaluronidase-liber- Stance in younger than in older biopsy-connec- ous t 
ated, alkali-soluble, and residue fractions, ve tissue. prese 
which are chemically different. The protein In the saline-soluble fraction of connective |  cystiy 
and lipid of adult rat and human connective tissue there is a large amount of lipid but it tratio 
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does not migrate with any of the protein com- 
ponents. The failure of lipid to migrate with 
protein seems to suggest that the lipid in the 
saline-soluble fraction was only in suspension 
or was weakly bound to the protein. 


It has been observed that as sponge-connec- 
tive tissue ages, the concentration of lipids in- 
creases significantly (17). Connective tissue of 
man and chicken has been found to be rich in 
lipids (4), and electrophoretic patterns for the 
saline-soluble fraction of the connective tis- 
sue of these species and for the older tissues 
are difficult to interpret because of excessive 
background staining and lack of distinct protein 
bands. This may indicate an effect of lipid 
upon the migration of the tissue protein which 
may be more than a passive phenomenon. The 
reduction in the sharpness of the electrophoretic 
zones may be related to the presence of large 
amounts of neutral fat since the bulk of chicken 
and human connective tissue lipids is neutral 
fat and since the lipids of rat connective tissue 
which increase with tissue age are neutral fat 
and cholesterol (17). 


Electrophoretic studies reveal that the alkali 
extract contains a single protein which migrates 
to the alpha, globulin position and carries with 
it a large carbohydrate and a small lipid com- 
ponent. This protein has a very low hydroxy- 
proline concentration and may represent, as 
suggested by others (18), an intermediate be- 
tween the globular protein of the saline-soluble 
fraction and the fibrous scleroprotein of the sa- 
line-insoluble fraction. 

The acetic acid-solubilized collagen of the rat 
and human biopsy-connective tissue moves 
slowly toward the cathode and carries small 
amounts of carbohydrate and lipid. This is of 
interest since collagen has been thought to be 
primarily a helical polypeptide chain. (19) 
made up of regularly recurring amino acids 
(20). It is apparent from these studies that 
the acetic acid-solubilized collagen contains in 
addition to the protein a carbohydrate and lipid 
moiety. 

Amino acid analyses indicate that saline ho- 
mogenization separates non-collagenous protein 
from collagen. The amino acid composition of 
collagen of the sponge-connective tissue seems 
to differ from that reported for other collagen- 
ous tissues (5) in the absence of tyrosine, the 
presence of trace amounts of tryptophan and 
cystine, and a lower hydroxyproline concen- 
tration. 


The saline-soluble protein of connective tis- 
sue and serum protein are found to have simi- 
lar amino acid composition (3), i.e., an absence 
of hydroxyproline, low concentrations of gly- 
cine, the sulfur-containing amino acids, trypto- 
phan and histidine, and high concentrations of 
glutamic acid, lysine and leucine. In spite of 
their similar amino acid composition, the pro- 
teins are quantitatively different. 

Significant differences which are observed 
between the amino acid compositions of the 
residue and saline-soluble fractions of rat and 
of human biopsy-connective tissue may be re- 
lated to the quantitative protein differences of 
the two tissue extracts. 


SUMMARY 


Connective tissue-sponge biopsies of adult 
rats and humans were fractionated into several 
soluble and insoluble components. These frac- 
tions were analyzed chemically and electro- 
phoretically. 

It was found that the age of the connective 
tissue biopsy affects the distribution of protein 
between the soluble and insoluble fractions in 
that the percentage of soluble protein decreases 
in older tissues. 
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THE INFLUENCE OF AGE AND OF RENAL ISCHEMIA AT DIFFERENT 
AGE LEVELS ON RENAL ALKALINE PHOSPHATASE IN THE RAT* 


A. SURTSHIN, M.D. 
(From the Department of Physiology, Washington University School of Medicine, St. Louis) 


Alkaline phosphatase is found in many tis- 
sues, but even where it exists in high concen- 
tration such as in liver and kidney its physio- 
logic significance is unknown. Kay (6) re- 
ported that renal alkaline phosphatase concen- 
tration in rabbits rises during the first 2 to 3 
weeks of life and declines in old age. Brain 
reported (2) that renal alkaline phosphatase 
concentration in human infants and fetuses 
is considerably lower than in older individuals 
and that it falls in chronic nephritis in man 
and in uranium nitrate induced nephritis in 
rabbits. Others have confirmed (3, 15, 16) and 
denied (5) that a fall in renal alkaline phos- 
phatase activity occurs in experimental ne- 
phritis. Phosphatase is said to disappear from 
kidneys autolyzing after ligation of the renal 
pedicle (7) or developing hydronephrosis (4, 
17). The relationships between renal alkaline 
phosphatase and various endocrine states have 
also been studied (8, 9, 13, 14). 


In the present study we have determined in 
rats the renal alkaline phosphatase activities 
present in normal kidneys and at stated inter- 
vals after complete occlusion of the renal artery. 
The mean activities for a younger and an older 
group have been compared. 


METHODS 


Normal rats (184) of the Purina and Sprague 
Dawley strains were used. No significant dif- 
ferences between the two strains were noted 
and the data were pooled. The animals were 
considered as two groups, those weighing 140- 
200 Gm. in one (younger, 90 rats), those 
weighing over 350 Gm. in the other (older, 94 
rats). In the latter group most of the rats actu- 
ally weighed over 400 Gm. and some over 500. 
While the exact ages of the older rats were not 
known, many were stated by the commercial 
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breeder to be about one year old. Both males 
and females were used. Early in the experi- 
ment Purina Dog Chow was fed, later Purina 
Laboratory Chow. The rats were kept in a 
room regulated at about 75 F. Operations were 
performed without sterility and with pento- 
barbital anesthesia. The normal renal alkaline 
phosphatase activity was determined on the 
removed right kidney stripped of its capsule and 
hilar structures, weighed on a Roller-Smith bal- 
ance, and homogenized in a glass homogenizer 
with 9 parts of cold 0.9 per cent sodium chlo- 
ride solution, all in a room at 6 C. 

In most of the experiments designed to study 
the effects of renal ischemia, immediately after 
right nephrectomy the blood supply to the left 
kidney was interrupted for either 30 or 60 min. 
by placing a small artery clamp on the renal 
artery in the earlier experiments and on the 
renal artery and vein together after the sur- 
rounding fat had been cleared away in later 
ones. The incision was closed with skin clips to 
the muscle and skin layers, reopened after 30 
or 60 min. with the animal still under anes- 
thesia and sutured after the serrefine had been 
removed and blood had been seen to be flow- 
ing into the kidney. In a smaller number of 
experiments vascular occlusion on the left was 
similarly produced, but the right kidney was 
not molested. 

Phosphatase activity was determined within 
2 or 3 hours on kidney homogenates usually 
diluted 1:500 (smaller dilutions being used as 
necessary) using p-nitrophenyl phosphate in 
a glycine buffer at pH 9.1 to 9.2 as substrate* 
(1). Kidney protein concentration was also de- 
termined on homogenates (10). Enzyme activ- 
ity was expressed as moles of substrate split per 
kilogram of wet kidney tissue per hour (wet 
activity), and as moles per 100 Gm. of kidney 
protein per hour. The product of the wet ac- 
tivity times the weight of the kidney is referred 
to as the activity content of the kidney. 





* Buffer, substrate and standard obtainable from Sigma Chemical 
Company, St. Louis, Missouri. 
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RESULTS 

A. Comparison of the alkaline phosphatase 
activities in the two normal kidneys of indi- 
vidual animals.—In 5 younger females the ra- 
tio of wet activity of the right kidney to that 
of the left kidney was 0.99 + 0.04, for 7 older 
rats (6 males, | female) it was 1.02 + 0.02. 
The respective values for activity content were 
0.99 + 0.14 and 1.04 + 0.15. These findings 
indicate that in the absence of unilateral renal 
disease, injury, or anomaly, the wet activity 
and activity content of the right kidney may be 
taken as a measure of the activity simultane- 
ously present in the left kidney. 


B. Mean enzyme activity of normal kidneys. 
—1l) Ninety younger animals consisting of 56 
males and 34 females were compared with 94 
older animals of which 89 were males and 5 
females. The means and standard deviations 
for the wet activities and activity contents of 
the normal right kidneys of the younger and 
older groups are listed in table 1. 

2) The means and standard deviations of the 
soluble protein concentrations of the kidneys 
expressed as grams per kilogram of wet tissue 
were for 89 younger rats 147.0 + 15.5, for 93 
older rats 147.7 + 14.4, for 55 younger males 
147.6 + 18.3, for 88 older males 147.4 + 14.8. 
Smaller standard deviations for protein deter- 
minations can probably be obtained with the 
method used, but we encountered at times 
small systematic shifts in our standards. 

3) It is obvious from 2 above that the ac- 
tivities per gram of protein would compare as 
do the wet activities in table 1. 


Taste |. ALKALINE PHOSPHATASE CONCENTRATION AND 
Content iv Normat Ricut KipNeys oF YOUNGER AND 
Oxper Rats, Means and standard deviations. 








| 
Wet Activity 
Group No. Activity P Content P 
(M/Kg./hr.) (mM /hr.) 
All younger 90 | 2.94+0.82 2.12+0.59 
<0.001* <0.02 

All older a4 1.60+0.44 2.3340.60 

Younger males 56 | 2.5440.54 1.85+0.37 
<0.001 <0.001° 

Oldor males 89 1.50-+0.44 2.34+0.61 

Younger males | 56 | 2,540.54 1.8540.37 
| <0.001 <0.001* 

Younger females....| 34 | 3,580.78 2.55-+0.63 





* After correction for nonhomogeneity of variance. 


C. The effect of unilateral nephrectomy alone 
on contralateral renal alkaline phosphatase ac- 
tivity. —After right kidney excision and assay 
the uninjured left kidney was assayed at 3, 14, 
or 21 days. The wet activities and total ac- 
tivity contents are given in table 2 and ex- 
pressed as the means and standard deviations 
of the values for the left kidney divided by 
those for the right kidney for each animal. 
There seems to be significant difference be- 
tween the younger and older groups with re- 
spect to change in enzyme concentration, but 
not with respect to enzyme content change. 
The reduction in enzyme concentration seen in 
the younger group at 14 and 21 days is caused 
by a more rapid rate of rise in total left kidney 
tissue than in specific enzyme substance. 
Change in kidney weight was related both to 
change in total body weight (growth) and to 
increase due to compensatory hypertrophy. At 
14 days after nephrectomy the mean change in 
body weight was plus 22.2 per cent and minus 
1.8 per cent for the younger and older groups, 
respectively, while the left kidney weights ex- 
ceeded right kidney weights by an average of 
49.4 and 15.2 per cent, respectively. Since kid- 
ney weight approximately parallels body weight 
in normal animals in the ranges under consid- 
eration (11), the weight increases of the left 
kidneys due to compensatory hypertrophy alone 
averaged 27.2 and 17.0 per cent for younger and 
older rats. respectively, and these means are 
significantly different, with P being less than 
0.02. This calculation neglects the individual 
differences that may have existed between the 
normal right and left kidneys before unilateral 
nephrectomy. 


D. The effect of renal vascular occlusion and 
concurrent contralateral nephrectomy on renal 
alkaline phosphatase activity —After 30 or 60 
min. of circulatory arrest the surface of the kid- 
ney is a dark purple. After removal of the 
serrefine the kidney surface rapidly becomes 4 
lighter red. Edema of the kidney ensues as re- 
vealed by a lowering in protein concentration 
present 3 days after occlusion for 30 min. to a 
mean of 90 and 81 per cent of the uninjured 
companion kidney in 6 younger and 6 older 
rats, respectively. When the right kidney is re- 
moved at the same sitting occlusion of the left 
renal pedicle for 30 min. is followed uniformly 
by survival in both groups. With occlusion for 
60 min. some deaths occur in both younger and 
older animals without marked difference be- 





twe 
for 

stan 
jure 
trol 
valt 
chai 
alor 
isch 


the 

falls 
whe 
prot 
bilit 
diff 


nific 


*R 
TRi 
TAI 


ny alone 
tase ac- 
id assay 
at 3, 14, 
‘otal ac- 
and ex- 
»viations 
ided by 
animal, 
nce be- 
with re- 
ion, but 
change. 
| seen in 
s caused 
t kidney 
tance, 
both to 
} and to 
yphy. At 
lange in 
d minus 
groups, 
ghts ex- 
erage of 
nee kid- 
v weight 
- consid- 
the left 
hy alone 
nger and 
‘ans are 
ess than 
dividual 
veen the 
nilateral 


sion and 
on renal 
0 or 60 
the kid- 
| of the 
comes a 
es as re- 
ntration 
1in. to a 
ninjured 
6 older 
ey is re- 
the left 
niformly 
ision for 
iger and 
nce be- 








RENAL ALK. PHOSPHATASE: AGE AND ISCHEMIA 163 
Taste 2. ALKALINE PHospHATASE CONCENTRATION AND CONTENT IN NorMAL Lert KIDNEYs 
Fo.t.owinGc Richt NepuHrecromy IN THE Rat. Means and standard deviations. 
Post Nephrectomy Group Number, Sex Wet Activity P Activity Content P 

Days L/R L/R 

3 Y 4 (2M, 2F) 1.14 + 0.19 > 0.1 1.20 + 0.20 > 0.05 
3 9) 6M 1.00 + 0.09 1.09 + 0.14 

4 Y 10 (5M, 5F) 0.88 + 0.16 < 0.02 1.30 + 0.18 > 0.05 
4 rs) 10 (7M, 3F) 1.06 + 0.12 1.20 + 0.17 

21 Y 5M 0.81 + 0.15 = 0.05 | 1.37 + 0.23 > 0.05 
21 9) 6M 1.00 + 0.13 | 1-15 0.15 

| 














Y = younger, O = older. 


tween the groups. Table 3 summarizes the data 
for the survivors, expressed as the means and 
standard deviations of the values for the in- 
jured left kidney divided by those for the con- 
trol right kidney previously removed. The 
values in table 3 are uncorrected for any 
changes expected to result from nephrectomy 
alone. The great variability of the response to 
ischemia is reflected in the standard deviations. 
The apparently significant difference between 
the two groups in wet activity levels at 3 days 
falls below the 5 per cent level for significance 
when the activities are expressed in terms of 
protein content. Because of the great varia- 
bility of the response to ischemia even large 
differences between means do not attain sig- 
nificance (viz., activity content at 21 days after 


60 min. occlusion). The only difference in 
means above the horizontal line in table 3 
which attains statistical significance is that for 
the activity content at 14 days after a 30 min. 
occlusion. Because the groups here are larger 
than those in the other categories and because 
P is equal to 0.01 these data would seem to be 
reliable in indicating a greater enzyme content 
rise in the younger group. When these figures 
are compared with those in table 2, the means 
for the activity content are seen to be 15.1 and 
22.1 per cent lower than those present after 
nephrectomy alone for the younger and older 
groups, respectively, and a “t” test applied to 
these differences of the means yields a P value 
of > 0.05 in the case of the younger group 
and of < 0.01 for the older group. This means 





Taste 3. ALKALINE PHOSPHATASE CONCENTRATION AND CONTENT IN LeFr KipNeys AFTER IscHEMIA. 

















Post Group Number Occlusion Wet Activity P Activity per P Activity P 
Injury Sex Time Gm. of Protein Content 
(Days) (Min.) L/R L/R L/R 
3° Younger 6 (4M, 2F) 30 0.69 + 0.26 < 0.05 0.76 + 0.28 > 0.05¢ | 0.80 + 0.29 > 0.05 
3° Older 6M 30 0.41 + 0.11 0.50 + 0.09 0.53 + 0.10 
14* Younger 16 (12M, 4F) 30 OTB the O.8R D> GER 1b. vvcvcccccscs 1.15 + 0.21 = 0.01 
14* Older 16M 30 2) 2 ee eee eee ee 0.98 + 0.14 
14* Younger 7 (5M, 2F) 60 Cire te Ge. DS OR Fon dicevcnces 1.08 + 0.17 > 0.05 
14° Older 4M 60 a A A hone eeedbons 1.23 + 0.43 
21° Younger 5 (2M, 4F) 60 C.D eh C.D > GED 1 nvcccccccvcs 1.62 + 0.82 > 0.05 
21° Older 5M 60 oe \ ee oye oee cre = 0.88 + 0.29 
14t Younger 6M 60 Cem Ce COM FT csscitsscin 0.512 0.11 < 0.01 
14t Older 6M 60 ea Renee Ps 0.25 + 0.11 


—_——_ 























* Right nephrectomy at time of left renal vascular occlusion. 
t Right kidney not molested at time of left kidney ischemia. 


t After correction for nonhomogeneity of variance. 
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that by the fourteenth day after vascular oc- 
clusion the lowering of the enzyme content be- 
low the level anticipated as a result of contra- 
lateral nephectomy alone is statistically signifi- 
cant for the older group, but not for the 
younger. The wet activities at 14 days after 
30 min. occlusion are significantly lower than 
those for the nephrectomy controls (table 2), 
with P < 0.01 and < 0.001 for the younger 
and older groups, respectively. 

E. Comparison of the alkaline phosphatase 
activities in the two kidneys after unilateral 
vascular occlusion alone.—In 6 animals of each 
group the circulation to the left kidney was 
interrupted for 60 min. while the right kidney 
remained unmolested. Both kidneys were as- 
sayed 14 days later, and the results are sum- 
marized in table 3 below the horizontal line. 
The L/R values for wet activity are lower than 
in the groups listed above the horizontal line 
due mainly to a greater fall in the enzyme con- 
centration of the injured (left) kidney. This is 
indicative of inhibition of recovery of the in- 
jured kidney due to the presence of the unin- 
jured kidney. The activity content ratios are 
also low compared to those above the line. Be- 
tween the younger and older groups significant 
differences are present in the uncorrected data. 
The wet activity of the kidneys at the time of 
injury is unknown, but since that of the unin- 
jured kidney of the younger animals might be 
expected to show a fall (although not as great 
as after nephrectomy, table 2) the difference 
between the groups in the absolute falls in wet 
activity on the injured side is probably smaller 
than in the ratios in table 3. However, evi- 
dence that a difference between the behavior 
of the two groups does exist is seen in the data 
for activity content. Since the activity content 
in the uninjured kidneys of younger rats would 
be expected to rise at least as much as in the 
older rats (table 2) the depletion of enzyme 
activity on the injured side must be less in the 
younger group than in the older with a proba- 
bility of greater than 99 per cent that a signifi- 
cant difference exists between the means. 


DISCUSSION 


As has been stated, the physiologic signifi- 
cance of the enzyme’s presence is unknown. 
The enzyme concentrations and contents in the 
two normal kidneys of the same animal were 
about the same. We did not observe the great 
differences reported by others (4). Our older 


rats had distinctly lower enzyme concentrations 
than did our younger rats and within the 
younger group, females had higher levels than 
did males. The renal enzyme contents were 
greater, however, in older males than in 
younger males because of the greater kidney 
weights. Because older rats have been reported 
to develop pyelonephritis, kidneys from both 
groups were examined microscopically.  Sig- 
nificant pyelonephritis or other pathologic con- 
ditions sufficient to account for the great dif- 
ferences in enzyme activities of the particular 
kidneys were not found. 

Our experiments on injury are essentially 
screening experiments using groups containing 
small numbers of animals. The fall in enzyme 
concentration seen after unilateral nephrectomy 
alone in the younger group, but not in the 
older, is due to the more rapid increase in kid- 
ney weight in the younger animals. Total renal 
enzyme content rose in both groups, but with- 
out significant difference between the two. Our 
finding that compensatory hy pertrophy is 
greater in the younger animals than the older 
is in agreement with previous work (12). 

In the studies in which vascular occlusion 
was accompanied by immediate contralateral 
nephrectomy the variability of the response 
made the detection of possible differences be- 
tween the groups difficult. There is indication 
that by 2 weeks after vascular occlusion for 30 
min. the enzyme activity content in the older 
rats had not been regenerated as well toward 
the level of the expected nephrectomy control 
as in the younger animals. In view of the vari- 
ability of the results summarized in table 3 this 
finding requires confirmation before it can be 
fully accepted. In the present study the possible 
influence of sex on the results has not been ade- 
quately controlled. 

In rats subjected to unilateral occlusion alone 
with assay of both kidneys deferred for 14 days 
the injured kidney seemed to be more severely 
depleted in older rats than in younger. To 
what extent this represents either greater resis- 
tance to ischemia or more rapid recovery from 
an ischemic injury in the younger has not been 
determined. Since the groups compared con- 
sisted of only 6 rats each the use of a larger 
number of animals to confirm the difference 
described would be justified. 

Senile rats of definitely known age were not 
available to us. The use of such rats in studies 
designed to confirm those findings which seem 
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to indicate the existence of significant differ- 
ences between our two age groups would en- 
hance the value of future studies. 


SUMMARY 


A group (younger) of 90 rats weighing 140 
to 200 Gm. was compared with respect to the 
renal alkaline phosphatase concentration and 
total alkaline phosphatase content of the kid- 
ney with a group (older) of 94 rats with 
weights of over 350 Gm. Significantly higher 
enzyme concentrations and lower enzyme con- 
tents were present in the total younger group 
as compared with the older and in the younger 
males as compared with the older males. 
Younger females had both higher concentra- 
tions and contents as compared with younger 
males. In the younger group the enzyme con- 
centration of the remaining normal left kidney 
fell after right nephrectomy and the normal left 
kidney hypertrophied at a faster rate than in 
the older in which the enzyme concentration 
did not fall. The rate of increase in enzyme 
content did not suffer in the two groups. After 
clamping of the left renal vessels for 30 min. 
and concurrent right nephrectomy a drop in 
enzyme concentration and content in the left 
kidney was present in both young and old at 3 
days with subsequent rise in content. The re- 
sponses were highly variable with some of the 
data suggesting that younger rats resist or re- 
cover from the effects of ischemia better than 
do older rats. The same statement is true for 
the situation obtaining after left renal ischemia 
when the right kidney was not molested. 
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THE HEXOKINASE AND PHOSPHOGLUCOISOMERASE ACTIVITIES OF 
AORTIC AND PULMONARY ARTERY TISSUE IN INDIVIDUALS 
OF VARIOUS AGES* 


N. BRANDSTRUP, M.D., J. E. KIRK, M.D., AND C. BRUNI, M.D. 
(From the Division of Gerontology, Washington University School of Medicine, St. Louis) 


The present study was undertaken with the 
purpose of determining the hexokinase and 
phosphoglucoisomerase activities of homogen- 
ates prepared from the aorta and pulmonary 
artery from individuals of various ages. In the 
case of the aortic samples the enzyme measure- 
ments were carried out both on apparently 
normal tissue portions and on arterial segments 
which were the site of arteriosclerotic changes. 


METHODS 


Seventy samples of the human aorta (thoracic 
descending) and 68 samples of the pulmonary 
artery were obtained fresh at autopsy at the St. 
Louis City Morgue. The age of the individuals 
from whom the samples were derived ranged 
between 0.2 and 83 years. Immediately after 
removal the samples were placed in sterile 
beakers immersed in ice. 

After separation of the adventitia the per- 
centage areas of the aortic samples which were 
the site of arteriosclerosis were measured by 
placing the opened vessels on a glass plate and 
tracing the normal and arteriosclerotic areas 
on a piece of transparent paper; the size of these 
areas was subsequently determined by means 
of a planimeter. For enzyme activity measure- 
ments intima-media samples of normal and 
arteriosclerotic segments of the aorta and of 
the pulmonary artery were homogenized in a 
Pyrex grinder with 9 volumes of distilled water, 
making a 10 per cent homogenate; the homoge- 
nizer was immersed in ice water during the 
homogenization. For phosphoglucoisomerase 
determinations the homogenates were diluted 
with an equal volume of water, making a 5 
per cent homogenate. 

The hexokinase activity of the arterial ho- 
mogenates was determined by measuring the 
rate of disappearance of glucose at 38 C. in a 
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buffer solution containing added ATP, Mg*+, 
KCl, and fluoride. 


Two ml. of glucose buffer solution (glucose, 
0.0025 M; MgCl,, 0.0025 M; KzHPO,, 0.01 M; 
NaF, 0.025 M; KCl, 0.077 M; tris(hydroxy- 
methyl) aminomethane, 0.03 M, pH 8.0), 0.1 
ml. of 0.18 M ATP solution, and 0.9 ml. of wa- 
ter were pipetted into a test tube. The reagent 
solutions were stored frozen between use. The 
tube was preheated in a water bath at 38 C. for 
5 minutes. At the start of the experiment 2.0 
ml. of 10 per cent homogenate were added. A 
1.0 ml. aliquot of the homogenate-buffer sub- 
strate mixture was removed immediately for 
glucose analysis, and another aliquot after 30 
minutes’ incubation. 


For precipitation of protein from the removed 
samples the barium hydroxide-zinc sulfate tech- 
nique of Somogyi (10) was used; this procedure 
also serves to stop the enzyme activity of the 
samples and to eliminate glucose-6-phosphate as 
a reducing substance in the subsequent glucose 
analysis (3). The 1.0 ml. aliquots were trans- 
ferred to test tubes containing 2.0 ml. of 0.3 N 
barium hydroxide, after which 2.0 ml. of 5 per 
cent zinc sulfate solution (ZnSO,, 7 H.O) were 
added. The contents of the tube were mixed 
and the tubes allowed to stand for 10 minutes 
to complete the protein precipitation. The sam- 
ples were then centrifuged for 10 minutes at 
3000 r.p.m. The glucose determinations were 
performed on aliquots of the supernatants by 
the method of Nelson (7), employing the 
reagents described by Somogyi (11). The meas- 
urements were carried out at 750 millimicrons, 
using cuvettes with a 25 mm. light path. 

A 30-minute period was chosen for the hexo- 
kinase experiments because a decrease in the 
enzyme activity often was found to take place 
after this time of incubation. Thus the hexo- 
kinase activity observed in a second 30-minute 
period averaged 77 per cent of that found in the 
first 30-minute period. A satisfactory degree of 
correlation was noted between the quantity of 
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tissue present in the incubated sample and the 
amount of glucose utilized. 

The phosphoglucoisomerase activity of the 
arterial homogenates was determined by meas- 
uring the rate of formation of fructose-6-phos- 
phate from glucose-6-phosphate at 38 C. in a 
buffered medium. 

Three hundred cubic millimeters of a sodium 
glucose-6-phosphate solution (0.1 M, pH 7.9), 
200 cuumm. of 1.12 M tris(hydroxymethy]) - 
aminomethane buffer, pH 7.9, and 1.70 ml. of 
distilled water were pipetted into a test tube. 
Constriction pipettes were employed for meas- 
uring out the reagents, which were stored frozen 
between use. The tube was preheated in a 
water bath at 38 C. for 5 minutes. At the start 
of the experiment 200 cu.mm. of 5 per cent 
homogenate were added. A 1.0 ml. aliquot of 
the homogenate-buffer substrate was removed 
for fructose-6-phosphate determination immedi- 
ately after the addition of the homogenate and 
after 10 minutes’ incubation. The incubation 
period was controlled by means of a stop watch. 

The aliquots removed from the homogenate- 
buffer substrate mixture were rapidly trans- 
ferred to test tubes containing 5.0 ml. of a 3.3 
per cent trichloroacetic acid solution. The tri- 
chloroacetic acid served to stop the enzyme ac- 
tivity and to precipitate the protein. The tubes 
were centrifuged for 10 minutes at 3000 r.p.m., 
after which the supernatants were filtered 
through Whatman No. 40 filter paper. 2.0 ml. 
aliquots of the filtrates were used for fructose 
determination by the colorimetric method of 
Roe, Epstein, and Goldstein (8). A reagent 
blank and a fructose standard were run with 
each set of analyses. 

Experiments were conducted in which the 
color development of a fructose standard was 
compared with that of a solution of fructose-6- 
phosphate. It was found that the color pro- 
duced by fructose in the form of fructose-6- 
phate under the conditions of the experiments 
was 58.5 per cent of that produced by the free 
fructose. This finding is in good agreement 
with the values of 55 per cent and 60.5 per 
cent reported, respectively, by Bruns and Hins- 
berg (2) and by LePage (6). A factor of 2.46 
was therefore employed to convert the fructose 
readings obtained in analyses of the filtrate 
samples to fructose-6-phosphate. 

A high degree of proportionality was ob- 
served between time and the quantity of fruc- 
tose-6-phosphate formed by the tissue over the 


first 10 minutes of incubation; thus the values 
obtained after 5 minutes of incubation averaged 
47 per cent of the 10-minute values. The rela- 
tion between the amount of tissue in the sam- 
ple and the quantity of fructose-6-phosphate 
formed was evaluated by comparison of the 
values found in experiments with 100 and 200 
cu.mm. of homogenate of the same arterial 
samples. The phosphoglucoisomerase values for 
the 100 cu.mm. homogenate samples averaged 
54 per cent of those for the 200 cu.mm. samples. 

In the case of both the aortic and pulmonary 
artery samples determinations of the dry 
weight, total nitrogen, and cholesterol content 
of the tissue were made on a portion of the 
arterial wall adjacent to that employed for the 
enzyme studies. The nitrogen analyses were 
carried out by macro-Kjeldahl procedure. For 
the cholesterol determinations the procedure of 
Knobil and associates (5) was used. 


RESULTS 

The results of the hexokinase and phospho- 
glucoisomerase determinations on the individ- 
ual aortic and pulmonary artery samples, and 
the mean values recorded for the various dec- 
ades have been listed in table 1. The table 
further contains the observed dry weight, total 
nitrogen, and cholesterol values for the samples. 
In addition, the percentage values of the areas 
of the aortic samples which were the site of 
arteriosclerosis have been included. 


Aortic Samples 

I. Normal Aortic Tissue 

Hexokinase—The average quantity of glucose 
metabolized by the non-arteriosclerotic tissue 
samples (N=63) was 0.010 mM (1.8 mg.) /Gm. 
wet tissue/hour, and 0.27 mM (46.6 mg.) /Gm. 
tissue nitrogen/hour. It will be seen from the 
mean values recorded for the various decades 
that the hexokinase activity of the samples ob- 
tained from children aged 0.2-4 years was 
lower than the activity of samples derived from 
adults. This difference is most apparent when 
the values expressed on the basis of the tissue 
nitrogen content are considered (t of difference 
between 0.2-4 year samples and 10-83 year 
samples, 3.24). 

A calculation of the coefficient of correlation 
between age and hexokinase activity of the 
samples from the 10-83 year subjects failed to 
show any significant variation in enzyme activ- 
ity with age: 
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Tasie |, HexOKINASE AND PHOSPHOGLUCOISOMERASE Activities OF 70 HUMAN Aortic SAMPLES AND 
68 PuLmMonary ARTERY SAMPLES pace 
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An analysis of the hexokinase values recorded 
for the two sexes of this group of subjects re- 
vealed that the mean enzyme activity of the 
samples derived from the women was 122 per 
cent of the values observed for the men, when 
expressed on the basis of wet tissue weight, and 
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125 per cent, when calculated on the basis of 
the tissue nitrogen content. 


Phosphoglucoisomerase—The mean quantity 
of fructose-6-phosphate formed from glucose-6- 
phosphate by the 64 samples investigated was 
1.62 mM (421 mg.) /Gm. wet tissue/hour, and 
44 mM (11.4 Gm.)/Gm. tissue nitrogen/hour. 
As in the case of the hexokinase determinations 
the phosphoglucoisomerase values of the sam- 
ples from children aged 0.2-4 years were signifi- 
cantly lower than the values observed for aortic 
tissue from adults when calculated on the basis 
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Taste 2. Mean ENzyMe ACTIVITIES OF ARTERIOSCLEROTIC 
Tissuz ExpressED IN PERCENTAGE OF ACTIVITIES OF 
Norma TissuE OF THE SAME Aortic SAMPLES 


Hexokinase Phosphoglucoisomerase 
Age — —_ ee _ 
Group Wet Tissue Tissue Nitrogen| Wet Tissue | Tissue Nitrogen 
(Years) |- : - 


t of t of t of t of 
N % @.in % df. IN % dif.|N % diff. 


30-39 4 82 0.00/)3 90 0.37 | 4 905 0.73) 3 98 0.55 
40-49 | 5 92 0.90) 5 102 0.09) 5 100 0.22; 5 111 1.62 
50-59 [14 «87 2.12 14 102 0.42 [14 80 3.08 [14 96 0.25 
60-60 «(16 79 2.73 /1 95 0.38 (16 82 3.87 |16 95 0.45 
70-83 4 64 1.92) 4 65 1.40} 4 100 0.00| 4 94 0.84 


Average. . 81 91 91 99 














of the tissue nitrogen content (t of difference, 
5.58). A calculation of the coefficient of corre- 
lation between age and phosphoglucoisomerase 
activity of the samples from the 10-83 year in- 
dividuals showed no significant change in 
enzyme activity with age: 

Age/quantity of F-6-P formed/Gm. wet tissue: 
= — 0.16 (t = 1.18, N = 55) 
Age/quantity of F-6-P formed/Gm. 
tissue nitrogen: 


r= + 0.08 (t = 0.58, N = 53) 


The phosphoglucoisomerase activity of the 
samples derived from the women of this age 
group was 102 per cent of that found for the 
men, both when expressed on the basis of wet 
tissue weight and tissue nitrogen content. 


{I. Arteriosclerotic Aortic Tissue 

Determinations of the hexokinase and phos- 
phoglucoisomerase activities of arteriosclerotic 
aortic tissue were made on 53 samples; in 43 of 
these samples sufficient normal arterial tissue 
was available to permit determinations also on 
the normal portions of the vessel wall. 

The values for the individual aortic samples 
listed in table 1 do not reveal a regular tendency 
towards lower enzyme activities in the arterio- 
sclerotic tissue portions as compared with the 
normal areas; in some instances, however, a 
considerable reduction in the enzyme values of 
the arteriosclerotic tissue may be noted. In 
table 2 the average enzyme values of the 43 
arteriosclerotic samples have been recorded for 
the various decades in percentages of the values 
found for the normal tissue. It will be seen 
from the table that significantly lower mean 


hexokinase and phosphoglucoisomerase values 
were observed for the 30 samples of the 50-59 
and 60-69 year age groups when the enzyme 
activities were expressed on the basis of wet 
tissue weight; in contrast to this no significant 
difference was found when the activities were 
calculated on the basis of the tissue nitrogen 
content. 


Pulmonary Artery Samples 

Both the hexokinase (N=60) and phospho- 
glucoisomerase (N =67) values observed for the 
pulmonary artery tissue were found to be of the 
same order of magnitude as the values recorded 
for the aortic samples. 


Hexokinase—The average quantity of glu- 
cose metabolized by the pulmonary artery tissue 
was 0.010 mM (1.8 mg.) /Gm. wet tissue /hour, 
and 0.31 mM (55.8 mg.) /Gm. tissue nitrogen/ 
hour. The average values found for the women 
of the 10-83 year age group were respectively, 
107 and 103 per cent of those recorded for the 
men. 

No significant variation in the enzyme ac- 
tivity with age was noted; for the samples de- 
rived from subjects aged 10-83 years the co- 
efficient of correlation Age/hexokinase activity 
was found to be + 0.01 (t = 0.07, N = 56) 
when calculated on the basis of wet tissue 
weight, and + 0.08 (t= 0.59, N= 56), when 
expressed on the basis of the tissue nitrogen 
content. 


Phosphoglucoisomerase—The average quan- 
tity of fructose-6-phosphate formed from glu- 
cose-6-phosphate by the samples of pulmonary 
artery tissue examined was 1.51mM (393 mg.)/ 
Gm. wet tissue/hour, and 45 mM (11.7 Gm.)/ 
Gm. tissue nitrogen/hour. The mean values 
found for the samples from the women of the 
10-83 year age group were, respectively, 107 
and 106 per cent of those observed for the men. 
The coefficient of correlation Age/phosphoglu- 
coisomerase activity for the samples of this age 
group was — 0.20 (t = 1.53, N = 58) when 
expressed on the basis of wet tissue weight, and 
— 0.08 (t = 0.60, N = 58), when calculated 


on the basis of the tissue nitrogen content. 


DISCUSSION 


In a previous study from this laboratory on 
intact human aortic tissue a mean _ glucose 
utilization of 1.5 mg., or 0.0084 mM/Gm. dry 
tissue/hour was observed (4). These values 
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correspond to a utilization by the wet tissue of 
approximately 0.43 mg., or 0.0024 mM of glu- 
cose/Gm. wet tissue/hour. In the present in- 
vestigation in which the experiments were car- 
ried out on tissue homogenates instead of intact 
arterial tissue and supplementation with ATP 
was used the average glucose utilization re- 
corded was 1.8 mg., or 0.010 mM/Gm. wet 
tissue /hour. 

The enzyme activity values observed in the 
present study have revealed a _phosphoglu- 
coisomerase activity of the arterial tissue which 
is approximately 150 times greater than the 
hexokinase activity when expressed on the basis 
of millimoles of substrate metabolized. The 
hexokinase values found are about 1, of the 
activity reported for rabbit erythrocytes by 
Rubinstein, Ottolenghi and Denstedt (9). With 
regard to the arterial phosphoglucoisomerase ac- 
tivity the values observed in the present investi- 
gation are approximately 350 times higher 
than the activity value of normal human serum 
(2) and twice the activity of human red blood 
cells (1). 

It is of interest to note that in many instances 
comparatively little difference was found be- 
tween the activities of apparently normal areas 
of the aortic wall and of the sections which 
were the site of macroscopic arteriosclerosis. 
The fact that a difference in mean enzyme ac- 
tivities of normal and pathologic tissue was ob- 
served for the samples derived from 50-69 year 
old individuals only when the values were 
calculated on the basis of wet tissue weight but 
not when expressed on the basis of the tissue 
nitrogen content might indicate that the lower 
values found for the arteriosclerotic tissue per 
unit of wet weight may be due, at least partly, 
to a replacement of the arterial tissue by inert, 
non-nitrogenous, material. 


SUMMARY 


Determinations were made of the hexokinase 
and phosphoglucoisomerase activities of homog- 
enates of 70 samples of the human aorta and 
68 samples of the pulmonary artery, derived 
from individuals aged 0.2 to 83 years. In the 
case of the aortic samples enzyme measurements 
were carried out both on normal and arterio- 
sclerotic areas of the vessel wall 

The hexokinase measurements revealed a 


mean glucose utilization of 0.010 mM/Gm. wet 
tissue/hour for both the normal aortic and the 
pulmonary artery tissue; for the arteriosclerotic 
aortic tissue the average value was 0.0085 
mM/Gm. wet tissue/hour. The corresponding 
phosphoglucoisomerase values, expressed as mM 
of F-6-P formed/Gm. wet tissue/hour, were 
1.62, 1.51, and 1.39. 

No significant variation with age was found 
in the hexokinase and phosphoglucoisomerase 
activities of the normal aortic samples and the 
pulmonary artery samples obtained from sub- 
jects aged 10-83 years. Although a notable 
decrease in the enzyme activity of the arte- 
riosclerotic tissue as compared with the normal 
tissue was occasionally observed no significant 
difference was found in the mean enzyme values 
of the arteriosclerotic and normal tissue portions 
when the values were calculated on the basis 
of the tissue nitrogen content. 
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THE EFFECT OF SENESCENCE ON RESISTANCE TO STRESS 
I. Response of Young and Old Mice to Cold 


B. GRAD, Ph.D., and V. A. KRAL, M.D. 
(From the Gerontologic Unit, Allan Memorial Institute of Psychiatry 
McGill University, Montreal, Canada) 


It is generally assumed that old organisms 
do not withstand stress as well as the young. 
Essentially, this assumption is based on obser- 
vations where large numbers of humans of dif- 
ferent age groups were exposed to the same 
disastrous or stressful situation. Whitehorn re- 
ported that during World War I and during 
the economic depression of the 1930's psychoses 
increased in the old but not in the young (35). 
Similarly, in World War II old people were far 
less able to withstand the stress of concentra- 
tion camp life than the young (23). Several 
hypotheses on the relation between stress and 
aging have arisen out of similar observations 
(28). Such observations made on the social 
scene require experimental verification in the 
laboratory not only to place them on a more 
secure basis but, more important, to identify 
the functional impairment(s) responsible for 
the defect in the aged organism’s ability to sus- 
tain stress with the eventual objective of pro- 
viding the necessary basis of preventative and 
therapeutic recommendations. 

Reports of experimental studies on this sub- 
ject have appeared in the literature, many of 
which indicate that age differences in response 
to stress are not always easily demonstrable in 
the laboratory. For example, very little differ- 
ence was found in the rate of wound healing of 
young and old rats (4). Also, while some drugs 
were found to be more toxic to old animals 
than to young, others were less so (6). Krag 
and Kountz (22) found that the oxygen con- 
sumption of elderly subjects in an air temper- 
ature of 5 to 15 C., was greater than that of 
the young, whereas Horvath and _ associates 
(21) reported a greater heat production in 
young persons as compared with old subjects 
on exposure to an ambient temperature of 10 C. 
In both studies, however, the old experienced 
less subjective discomfort than did the young. 
Obviously, more studies are required in this 


field. 
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METHODS 

The investigations to be described here deal 
with a stress commonly experienced by large 
numbers of individuals under natural circum- 
stances, namely cold. Under the controlled con- 
ditions of the laboratory, this particular stress 
has the advantage that the animal cannot cir- 
cumvent it by his instinctive devices, as would 
be possible for example in fasting where an 
animal might begin to eat his feces. In addi- 
tion, much information is available on the 
physiology of adaptation to cold, and hence 
there exists a factual basis for further geron- 
tologic study. ; 

Because of the very large numbers of ani- 
mals required for these studies, a small experi- 
mental animal had to be selected. The animal 
chosen was the mouse, chiefly because of the 
small difference in size between the mature 
young and the old in this species. The differ- 
ences in weight between a 4 month old and 2 
year old mouse is about 20 per cent, whereas 
in rats it is around 200 per cent. Hence, when 
differences in size as well as in age may play 
a role in the function under gerontologic study, 
it is preferable to use mice rather than rats. 
Furthermore, the C56BL mouse was used in 
this study because of its well-defined and well- 
investigated genetic background. Mature, fe- 
male, non-pregnant mice were used in all ex- 
periments, the young being 4 to 7 months old, 
while the old were 16% to 21 months. Purina 
fox chow, biscuit or powder, and water were 
made available to the animals ad libitum. 

Eight experiments were conducted and the 
following procedure was common to all: there 
was first a control period of 8 days when the 
mice were maintained in an air-conditioned 
warm room at a temperature of 26 to 27 C. 
Then the animals were moved from the warm 
room into a “walk-in” cold room, where they 
were kept for 14 days. The temperature of the 
cold room was varied in different experiments 
(table 1). Thereafter, the mice were returned 
to the original warm room where they were 
maintained for another 8 days, after which the 
experiment was terminated. 
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Taste |. Deratts or PRoceDuRE. 
Temperature of 
Experiment | Cold Room (°C.) Criteria Studied 

1 —lto+1 Survival, food intake, body weight 

2 2to4 Survival 

3 6to7 Survival 

4 9 to ll Survival, B.M.R., food intake, body 
weight 

5 9 to ll Survival, blood sugar 

6 9 toll Survival, red blood, white blood, and 
circulating eosinophil count 

7 15 to 17 Survival 

s 1.5 to 3.5 Survival, body weight, and food intake 
(temperature gradually lowered) 








Some experiments were conducted with the 
sole objective of determining the survival and 
mortality of young and old mice in the cold; 
in other experiments various physiologic cri- 
teria were investigated as well as survival 
(table 1). These determinations were always 
carried out at the temperature of the room in 
which the animals were currently being main- 
tained. The oxygen consumption was deter- 
mined by a method described earlier (14). The 
food intake studies made use of special food 
trays described by Guest, Brodsky, and Nelson 
(18). An adaptation of Nelson’s micro-method 
was used to determine the blood sugar (25). 
The red and white blood cells were counted by 
the usual routine methods in the Spencer 
“bright-line” haemocytometer using Hayem’s 
and Turk’s fluid as diluents. The eosinophil 
counts were determined in the Fuchs-Rosenthal 
counting chamber using the Speirs-Meyer di- 
luent (34). At least two chambers were counted 
for each animal. However, for the initial count 
before the stress, as many chambers were 
counted per each animal as yielded a mini- 
mum of 24 eosinophils (16). To obtain the cir- 
culating lymphocyte and “polymorph” counts, 
the percentage of these cells were obtained from 
a count of 200 leucocytes in a blood smear 
stained with Wright’s stain and multiplied by 
the white blood cell count. Samples of blood 
were always taken from the tail. 

The data obtained in the warm room prior 
to the exposure to the cold were assigned a 
value of 100 per cent. In the case of the oxygen 
consumption, food intake and body weight 
studies, the value of 100 per cent was assigned 
to the mean of as many as 6 control readings 
per animal. However, in the studies involving 
the taking of blood, only one control reading in 
the warm room was obtained so as not to dam- 


age the tail for subsequent study, and this was 
assigned the value of 100 per cent. The results 
of the metabolic and blood studies subsequent to 
the first warm room values were expressed as 
a percentage of these “warm room” values. 

Three types of statistical analysis were car- 
ried out: chi-square tests for determining levels 
of significance of differences in mortality rate, 
and t tests and analyses of variance for deter- 
mining the significance of differences in oxygen 
consumption, food intake, body weight, blood 
counts, and blood sugar. A difference was con- 
sidered significant when P < 0.05. 


RESULTS 
Survival of Young and Old Mice in the Cold: 
In Experiment 1, 15 young mice were housed 
in one wooden box, while 16 old mice were 
maintained together in another. When they 
were placed for 14 days in the cold room at — | 
to +1 C., none of the young died and only 3 
of the old succumbed, 2 on the first day and 
another on the seventh day. There was no sig- 
nificant difference in the mortality rate be- 
tween young and old animals in this experi- 

ment (0.10 > P > 0.05). 
In all subsequent experiments the mice were 
housed one animal per metal cage, the bottom 
of which contained a wooden board, on which 


Tasie 2. SurvivAL OF YOUNG AND Otp C57BL FEMALE 
Mice Exposep For 14 Days IN THE COoLp. 


| 
| Expts. 4 to <| Expt. 7 



































Expt. 2 Expt. 3 
No. of Days in | (2 to 4C.) (6to7C.) | (9to11 C.) | (15t017C.) 
Cold Room ——_|— - — 
Young| Old | Young| Old |Young} Old | Young! Old 
| Dead | Dead | Dead | Dead | Dead | Dead | Dead | Dead 
1 | || 1/17] 1] 20] 0] 0 
2 | oe o| 5 0} 4 0 | 0 
3 i 0 o| o ee 0 | 0 
4 Lat ei ahs 0 2 0} 0 
5 | oO Se 0 1 iets 
6 et ei 4 | 0 1 chet s 
7 oo} o/ 1} oO} oO} oO} of 4 
8 0} 0 0}; o 1 eee oe 
9 | o| oO be Ge 0 0] 0 
10 | 0 0 Se ae. 0 0 0 
11 | 0 0} 0] 0 0 0 0 0 
12 0 1-2 1 0 3 0 0 
13 0 Sa 1 0 0 0 0 
14 0 0 0 0 4 4 0 0 
Total number | | | | | 
dead........ | 30 | 9] 8/s/] 9] 9/] of] 1 
No. of Mice | 
Stressed. ..... | 30 | 29 | 30 | 30 | 69 | 6 | 20 | 20 
Percentage Dead) 100 | 100 27 83 13 43 0 5 
Significance of 
Difference ), =1 <0.001 <0.001 | 08> P >9,7 
| { 
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TasLe 3. SurvivAL OF YOUNG AND Orp Mice on GrapuaL Exposure TO ENVIRONMENTAL 
TEMPERATURE OF 1.5 To 3.5 C 























Temperature of Cold Room (°C.) 10 to 12 5.5 to 7.5 
Day of Exposure 1 2 3 4 5 
Deaths— Young i ee 0 0 0 0 | 
Old...... nas ie Ae ee 1 | 
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the mice could stand. The survival of the mice 
in Experiments 2 to 7, inclusive, are given in 
table 2. The results of this table clearly show 
that statistically significant age differences in 
mortality due to cold become apparent only 
within a certain temperature range. Thus, too 
low a temperature (2 to 4 C.) killed 100 per 
cent of both young and old by the fourth day 
(table 2 Experiment 2). Too high a tempera- 
ture, on the other hand, (15 to 17 C.) killed 
0 per cent of the young and 5 per cent of the 
old mice (table 2, Experiment 7, 0.8 > P > 
0.7). However, exposing the mice to a temper- 
ature of 6 to 7 C. killed 83 per cent of the old 
mice, but only 27 per cent of the young, a 
highly significant difference (table 2, Experi- 
ment 3, P < 0.001). When mice were exposed 
to a slightly higher temperature of 9 to 11 C. 
for the same period, then 43 per cent of the 
old died as against 13 per cent of the young, 
a highly significant difference (table 2, Experi- 
ments 4 to 6, P < 0.001). When differences 
in mortality rate due to age were observed, 
they were especially marked on the first day of 
the stress. 

Neither young nor old mice were able to 
survive the stress of an environmental tempera- 
ture of 2 to 4 C. longer than 4 days when taken 
directly to it from a room temperature of 26 to 
27 C. (table 2). Therefore, Experiment 8 was 
carried out to study the survival of mice 
brought to the low temperature more gradually. 
In this experiment the environmental tempera- 
ture was first lowered from 26 to 27 C. to 10 
to 12 C. and kept at this level for 3 days. As 
a result, 2 of the 20 old mice died and none of 
the young (table 3). Thereafter, the tempera- 
ture was further lowered to 5.5-7.5 C. for 
4 days resulting in the death of 6 more old 
and | young. The temperature was then again 
lowered to 1.5-3.5 C. for 7 days resulting in 
the death of 8 old and no young. Therefore, in 
the entire experiment, 16 old (80 per cent) and 
1 young (5 per cent) died, a highly significant 
difference (P < 0.001). That is, in this ex- 


periment, 20 per cent of the old and 95 per cent 
of the young survived a temperature of 1.5 to 
3.5 C. for 7 days when taken to this tempera- 
ture gradually. This is in marked contrast to 
Experiment 2, when no old or young mice sur- 
vived beyond the fourth day when taken di- 
rectly to a temperature of 2 to 4 C. Another 
interesting point lay in the difference in sur- 
vival time at this low temperature. Whereas 
in Experiment 8 there were no deaths of either 
adapted young or adapted old mice on the first 
day of exposure to 1.5 - 3.5 C., 100 per cent 
of the unadapted old and 83 per cent of the 
unadapted young died the first day of exposure 
to 2 - 4C. in Experiment 2. 


TaBLe 4. MEAN VALUE OF Various METABOLIC Factors 
AND BLoop Counts oF YOUNG AND Otp FemMaALe C57BL 
Mice DETERMINED AT 26 TO 27 C. Prior To Exposure 


To CoLp. 
| Probability of 
Young Old | Difference 
Body Weight (Gm.). 24.9 (22) | 20.7 (25) |} P <0.001 
Food Intake (Gm./ | 
day) 3.5 (9) | 3.9 (9) P >0.20 
Oxygen Consump- | } 
tion (ce./hr/Gm. *4 
at 8.T.P.) : 2.5 (9) 3.0 (9) | P<0.001 
0.4> P >0.3 


Blood Sugar (mg.%) 93.0 (90) 80.1 (89) | 
Total Leucocyte 

Count X 10? (per | | 

cu. mm. blood) 129 (30) 109 (29) 0.10> P >0.05 
Erythrocyte Count | } 

X10 (per cu. mm.| 

blood)... . 
Eosinophil Count 

(per cu. mm. 

blood). . . 
Lymphocytes Count} 

(per cu. mm. | } 

blood)..........| 12,179 (29) | 8,632 (28) | 0.10> P >0.05 
“Polymorph” Count | 

(per cu. mm. 

blood)... . 811 (29) | 2,224 (29) 
Lymphocytes (% of 

Total Leucocyte | 

Count) 93.1 (20) | 
Polymorpho-leuco- 

cytes (% of Total | 

Leucocyte Count) 


789 (30) 718 (29) | 0.05> P >0.02 


| 
| 
| 
0.6> P >0.5 


101 (30) 112 (29) 


P <0.001 


80.0 28) P <0.001 


6.4 (29) 18.9 (28) P <0.001 














The number in the bracket gives the number of animals from which 
the adjacent mean was calculated. 
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Fig. 1. Changes in body weight and food intake of 
young and old mice exposed to an environmental tem- 
perature of —1 to +1 C. The mice were housed to- 
gether in groups of 15 or 16, and each point is the mean 
value obtained from at least 13 animals. 


Body Weight and Food Intake: Pre-exposure 
values for the body weight and food intake are 
given in table 4 

The results obtained from Experiment | in 
which the mice were housed together revealed 
no striking differences due to age in response 
to cold exposure. In both age groups the food 
intake increased for the first 3 days in the cold, 
then decreased for the next 4 days, and then 
increased again for the last 7 days (fig..1). The 
body weight also did not show any striking 
change in either young or old in response to 
the cold (fig. 1). This is in agreement with 
the finding that there was no marked age dif- 
ference in mortality of the animals in this ex- 
periment. 

On the other hand, quite different results 
were obtained in Experiment 4 in which the 
mice were housed individually. Here, both 
groups of mice lost weight in the cold but the 
body weight loss was significantly greater in 
the old mice (fig. 2, P < 0.001). Moreover, 
on the first day after the mice were returned 
to the warm room, the body weight of the 
young reached and even exceeded the pre-ex- 
posure level, while that of the old mice did 
not reach the pre-exposure value even a week 
after their return to the warm room (fig. 2). 


t RESPONSE OF 
4 YOUNG AND OLD MICE TO COLD (9-iI"c) 





' q 
4 I 
vs Poe 
OXYGEN a sor” 
400 Pe 
Ae ™ \ 
300 [- ! 
CONSUMPTION : | 
200: 1 1 
' | 
100 ' — 
clea Cree eeceee o@ O——© YOUNG (6 MONTHS) = of J 





FOOD 150 ae P 

INTAKE —100 AA 
e-e-0-8 yf \ 
/ ye 


(% CHANGE) soy / 


| 

' 

! 

| 

| 

{ 
a 
1 























/ ‘4 
s ¥ e-o-6 18 
OE we ee ee ee 1 
| I 
i 
' i 
+50 ' , a 
* \ 
BODY ode ee we ee ee t----— 4 
mi | 
* — hen y oe i, I 
WEIGHT = -100 a e gee ~~ 
se, Pa 1 
-150 « ‘@ os 
'e~.., ; ! 
\ i 1 
(% CHANGE) -200 % ta I 
s 
-250 ‘i | 
' { 
4 as 
DAY OF EXPERIMENT 2 a 6 8 10 12 iat 16 18 20 22 
-+— + 
ENVIRONMENTAL a a + 7 
TEMPERATURE ¥ Toe? H 26°To27"c | 
Fig. 2. Changes in body weight, food intake, and 


oxygen consumption of individually-housed young and 
old mice exposed to an environmental temperature of 
9 to 11 C. Each point is the mean taken from 2 to 9 
mice (from 6 animals on the average). 


The food intake of both groups of mice in 
Experiment 4 increased on exposure to the cold, 
that of the young significantly more so than 
that of the old (fig. 2, 0.01 > P > 0.001). 
During the week following the return of the 
animals to the warm room, no decline occurred 
in the food intake of either group to the pre- 
exposure level. 

In Experiment 8 where the animals were 
gradually adapted to the cold the food intake 
of the mice increased above that of the previous 
warmer period (fig. 3). In general, the in- 
crease of the food intake was greater in the 
younger animals during the first 7 days of the 
experiment, and in this period, the difference 
was especially marked on the first day after the 
environmental temperature was lowered (fig. 
3, days 1 and 4). A similar marked difference 
in food intake was observed in Experiment 4 
when the mice were first exposed to the cold 
(fig. 2, day 1). However, when the tempera- 
ture was further decreased after the mice of 
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Fig. 3. Changes in body weight and food intake of 
individually-housed young and old mice exposed to a 
sudden drop in environmental temperature from 26 to 
27 C. to 10 to 12 C. and then to a more gradual drop to 
1.5 to 3.5 C. Each point is the mean obtained from 4 
to 20 mice (from 17 animals on the average). 


Experiment 8 had been in the cold room for 
7 days, that is, after the mice had become 
adapted to some extent, the increase in food in- 
take was at least as great in the old as in the 
young (fig. 3). Despite this, the body weight 
of the old decreased in this period, while that 
of the young did not. 

Each time the temperature was lowered in 
this experiment, the young mice maintained 
their body weight at or slightly above the pre- 
exposure level throughout the stress period (fig. 
3). However, the old mice maintained their 
body weight for only the first 5 days of the 
stress. Thereafter, their body weight showed 
a gradual decline and did not show any ten- 
dency to return to pre-stress values even after 


4 days in the cold (fig. 3). 


Oxygen Consumption: Oxygen consumption 
determinations were made on the mice of Ex- 
periment 4. The readings were taken after the 
mice had been fasted for 2 hours: a longer fast 
in the cold was avoided because it would prob- 
ably have killed so many mice that the experi- 
ment would have been aborted. Control read- 
ings are shown in table 4. Exposure to cold 
increased the oxygen consumption in both 
young and old mice, but more so in the young 
(fig. 2, P < 0.001). This difference was ap- 


parent even on the first day of the stress when 


the oxygen consumption of both groups was 
already more than 200 per cent above the con- 
trol values. Thereafter, the values continued 
to increase gradually to 400-500 per cent above 
normal at the end of the stress period, the 
young showing consistently higher values. Re- 
turning the mice to the warm room resulted in 
a marked drop of the readings, which, however, 
remained about 100 per cent above the pre- 
stress level during the week of the post-stress 
period. In this connection, the food intake also 
remained high in this period as described ear- 


lier (fig. 2). 


Blood Sugar: Blood sugar determinations 
were carried out on the mice of Experiment 5 
after a 2-hour fast. The control readings are 
shown in table 4. Exposure to cold resulted in 
a significantly greater increase in the blood 
sugar of the young animals as compared to the 
old (fig. 4, 0.02 > P > 0.01). Returning the 
mice to the warm room resulted in a marked 
decline in the blood sugar to below the pre- 
exposure values in both groups. The _post- 
stress values were the same in old and young. 
The values remained below normal even after 
the animals had been in the warm room for a 
week. This was in contrast to the findings in 
the oxygen consumption and food intake stud- 
ies described earlier. 


Blood Counts: Blood counts were taken in 
the mice of Experiment 6, and the control 
values are shown in table 4. The eosinophil 
count dropped to the same extent in both age 
groups when exposed to the cold, and in both 
groups the eosinophil count rose towards the 
end of the stress even before the animals were 
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Fig. 4. Changes in the blood sugar of individually- 
housed young and old mice exposed to an environmental 
temperature of 9 to 11 C. Each point is the mean ob- 
tained from 2 to 5 animals (from 4 animals on the 
average). 
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returned to the warm room (fig. 5, P > 0.20). 
In the warm room the counts showed some 
wide variations above and below the pre-stress 
levels. Sharp peaks have been shown to occur 
after cessation of adrenocortical stimulation in 
certain other physiologic functions known to 
be influenced by the adrenocorticoids (8, 15). 

The total leucocyte count also decreased on 
exposure to cold, but significantly more so in 
the young than in the old (fig. 5, 0.01 > P > 
0.001). The lymphocyte count parallelled the 
total leucocyte change, and here also the de- 
cline in the cold was significantly greater in the 
young (fig. 5, 0.05 > P > 0.01). Moreover, 
the number of polymorpho-leucocytes of the 
young increased while that of the old decreased 
in the cold (fig. 6). Wide variations, similar 
to that seen in the eosinophil count, were ob- 
served in the post-stress period. However, the 
counts of the young remained above that of 
the old (fig. 6). Finally, during the stress 
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Fig. 5. Changes in total leucocyte, circulating lym- 
phocyte, and eosinophil cell counts of individually- 
housed young and old mice exposed to an environmental 
temperature of 9 to 11 C. Each point is the mean value 
obtained from 1 to 5 mice (from 3 animals on the 
average). 
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Fig. 6. Changes in polymorphonuclear leucocyte and 
erythrocyte cell counts of young and old mice exposed 
to an environmental temperature of 9 to il C. Each 
point is the mean value obtained from 1 to 5 mice 
(from 3 animals on the average). 


period the red blood cell count declined in the 
old, but increased in the young, the difference 
due to age being significant (fig. 6, P < 0.001). 
During the week in the warm room after the 
exposure to cold the erythrocyte values gradu- 
ally returned to normal in the old mice while 
that of the young continued to fluctuate. 


Autopsy Findings: The following are some of 
the more consistently observed findings among 
the mice which died during the cold exposure: 
(a) little or no food in the stomach; this was 
observed more frequently in the old than in 
the young; and (b) appzrently hyperemic 
brains. Pneumonia was observed in about 5 
per cent of the mice exposed to cold. These 
anatomic findings are provisional and will be 
investigated more thoroughly in a subsequent 
study. 

DISCUSSION 


The most significant finding of the experi- 
ments reported here was that the mortality rate 
of old mice upon exposure to cold was signifi- 
cantly greater than that of young. To demon- 
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strate this difference, two conditions had to be 
fulfilled: first, the cold temperature to which 
the animals were exposed had to be carefully 
selected. In our experiments the optimal temp- 
erature range for this purpose was 6 to 7 C., 
but highly significant differences due to age 
were also observed at 9 to 11 C. However, when 
unadapted mice were exposed to 2 to 4 C. or 
to 15 to 17 C., such age differences in mortality 
did not occur. Second, the mice had to be 
housed individually. When housed together in 
groups of 15 or 16, no age difference was ap- 
parent even at a temperature of —1 to +1 C. 
This is undoubtedly due in large part to the 
physical warmth which the animals imparted 
to each other as they huddled together. 


In analogy with the procedure followed in 
pharmacologic studies, an attempt was made in 
figure 7 to estimate the temperatures which 
will kill 50 per cent of young and of old mice 
under the experimental conditions of our labo- 
ratory. This temperature was estimated as be- 
ing between 4 and 5 C. for the young and be- 
tween 9 and 10 C. for the old. 


That old mice can adapt to the cold is ap- 
parent on comparison of the result of Experi- 
ment 2 with that of Experiment 8. In the 
former, 100 per cent of old mice died on the 
first day of exposure to 2 to 4 C. in highly sig- 
nificant contrast to the 0 per cent deaths of old 
mice on the first day when taken to this tem- 
perature more gradually as in Experiment 8. 
Furthermore, of the 12 cold-adapted old mice 
exposed to 1.5 to 3.5 C. for 7 days, 4 were still 
alive at the end of the stress period, while all 
of the 19 cold-adapted young mice were still 
alive after 7 days under the same conditions. 
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Fig. 7. The effect of a two-week exposure at various 
low temperatures on the mortality rate of different 
groups of individually-housed young and old mice. Each 
point is the mean of at least 20 animals. 


Therefore, adaptation to cold is less effective in 
the old. 


From considerations of size alone, the old 
would have been expected to have fared better 
in the cold than the young, as the former were 
decidedly larger (table 4). That is, the ratio 
of surface area to volume was less in the old 
then in the young and this by itself should 
have operated to the advantage of the old when 
exposed to the cold. That despite this the old 
died more readily in the cold points to the 
over-riding effect of other factors, namely, the 
lesser efficiency of the homeostatic mechanisms 
in the old. The exact nature of this defect or 
defects is presently unknown and is one of the 
ultimate objectives of this reasearch. As a be- 
ginning in this direction, a variety of biologic 
functions were studied at the specifically chosen 
temperature of 9 to 11 C. A lower temperature 
resulted in too high a mortality rate in both 
age groups, leaving too few animals for study, 
whereas at a higher temperature the stress 
might not have been sufficient to reveal age 
differences in the biologic functions studied. 
This was inferred from the fact that there were 
very few deaths and no significant differences 
due to age in mortality rate on exposure to 15 


to 17 C. 


As a result of exposure to cold, the oxygen 
consumption, food intake, and blood sugar in- 
creased in both age groups, but significantly 
more in young than in old; the body weight de- 
creased in both groups but significantly less 
in the young. The increased food intake was 
not sufficient to prevent body weight loss in 
either group. This deficit was much more ap- 
parent in the old. In other words, catabolic as 
well as anabolic mechanisms increased in both 
age groups under stress, the former more than 
the latter, resulting in a metabolic deficit. How- 
ever, this deficit was significantly greater in the 
old than in the young. In view of the nitrogen 
loss into the urine which regularly accompanies 
stress (31), a greater negative nitrogen balance 
in the old than in the young would be ex- 
pected under the conditions of our experiment. 

The total leucocyte count and the circulating 
lymphocyte and eosinophil courits decreased in 
both age groups during exposure to cold, while 
the number of polymorphonuclear cells in- 
creased. In'the mouse, in contrast to man, the 
leucocytes consist mostly (80 to 90 per cent) 
of lymphocytes (table 4). Therefore, the de- 
crease in total leucocyte count was due to the 
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decrease in the lymphocyte count even though 
the polymorphonuclear count increased. The 
eosinopenia and lymphopenia are well-known 
responses to stress and are due to the increased 
secretion of 1l1-oxygenated adrenocorticoids un- 
der stressful conditions (12). However, a more 
complex situation seems to exist in the case of 
the neutrophilia, which can be produced by 
adrenal cortical extract (19), but which also 
is obtained with ACTH in adrenalectomized 
animals (10). 

As for differences due to age, the percentage 
decreases in the circulating lymphocytes and 
consequently in the total leucocytes was sig- 
nificantly greater in the young. This may in- 
dicate a greater secretion of corticoids of the 
adrenal cortex in the young as compared with 
the old, or may be due to a greater resistance 
of the lymphocytes of the old mice to destruc- 
tion both in the blood and lymphoid tissues 
(11), and/or a greater resistance to peripheral 
removal of lymphocytes (13). 


On the other hand, there was no significant 
difference in the percentage decrease of the cir- 
culating eosinophil count between the two age 
groups on exposure to cold. By itself, this would 
seem to suggest that there may be no difference 
due to age in the corticoid output under our 
experimental conditions. However, the degree 
of eosinopenia on exposure to cold was maxi- 
mal in both groups, particularly in the early 
days of the stress. In this connection it is of in- 
terest to note that in the Speirs-Meyer eosino- 
penic bio-assay for adrenal corticoids, there is no 
significant difference in eosinopenic response to 
24 and 96 micrograms of cortisone (33), al- 
though the log dose—response curve at lower 
dosages is a straight line of steep slope. Hence, 
the possibility remains that in our experiments 
there actually was a significant difference in 
corticoid output between the old and young 
mice in the cold, but that the amounts of cor- 
ticoids secreted in both groups were too great 
for any significant differences to become appar- 
ent by eosinopenic assay. 


The erythrocyte count of the young showed 
an over-all increase in the cold, and this could 
be due to hemoconcentration known to occur 
in the cold (26). On the other hand, the red 
blood count of old mice decreased in the cold 
and this suggests that hemoconcentration did 
not occur in them or was obscured by a less 
active erythropoiesis or a more active erythrol- 
ysis. 


If hemoconcentration did occur in the young, 
it would also account in part at least for the 
increase of the polymorphonuclear cells in the 
cold. It could also mean that the number of 
circulating lymphocytes and eosinophils of the 
young in the cold was less than actually 
counted, making differences due to age still 
greater. 


When the surviving animals were returned 
to the warm room, a reversal of several of the 
physiologic variables was observed. Thus, in 
both groups the oxygen consumption and the 
blood sugar decreased, while the body weight 
increased. Hence, in contrast to the stress pe- 
riod when catabolism predominated in both 
groups, resulting in body weight loss, now ana- 
bolism predominated, resulting in body weight 
gain. This was achieved in part at least by a 
high level of food intake, which remained at 
the level reached in the cold. This increased 
appetite in the post-stress period may have 
been due to the low blood sugar. Furthermore, 
the predominance of anabolism must have been 
greater in the young than in the old as the 
body weight gain was greater in the former. 
As expected from this the food intake was also 
higher in the young than in the old. This also 
suggests that nitrogen retention under these 
circumstances was greater in the young than in 


the old. 


All the blood counts showed considerable 
fluctuation in both age groups when the ani- 
mals were returned to the warm room. Post- 
stress peaks have also been reported for other 
functions known to be under adrenal cortical 
control, for example, salivary sodium concen- 
tration (15) and the concentration of sodium 
and chloride ions in sweat (8). As the red 
blood cell count also showed considerable vari- 
ation in this period in the young mice, changes 
in blood volume may have been another factor 
in the post-stress fluctuations of the blood 
counts in this group. However, the phenomena 
described here were seen only during the first 
week after the mice were returned to the warm 
room. A more prolonged observation period 
may have resulted in further changes not re- 
ported here. 


Of the biologic functions studied several are 
commonly thought of as being under the con- 
trol of the adrenal glands. Thus, the decrease 
in eosinophils and lymphocytes, the increase 
in polymorphonuclear leucocytes, and the de- 
crease in body weight can be produced by corti- 
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sone-like compounds, The increase in the oxy- 
gen consumption can be ascribed to the in- 
creased secretion of adrenaline from the adrenal 
medulla early in the cold and by thyroid hor- 
mones later on. The blood sugar increase can 
be produced by an increased output of adrenal 
medulloids as well as corticoids. 

However, most of these changes have also 
been produced by stimulation of autonomic 
centers in the hypothalamus. Thus, there are 
areas in the hypothalamus, the stimulation of 
which leads to eosinopenia (1), lymphopenia 
(17) and polymorphonuclear leucocytosis (27). 
Hyperglycemia has also been produced by hy- 
pothalamic stimulation (2), and this, as well 
as the hypothalamic-induced eosinopenia and 
lymphopenia, may have been mediated via the 
pituitary and adrenal cortex. However, the 
increased food intake cannot be ascribed to in- 
creased activity of the adrenal glands, but has 
been shown in numerous studies to be under 
hypothalamic control (5). Also, as indicated 
above, certain of the endocrines play a role in 
the increased oxygen consumption which oc- 
curs on cooling, but the main reason for this 
increase in unacclimatized animals is the in- 
creased skeletal muscular activity (30) and this 
is under nervous control (20). Finally the 
hemoconcentration which takes place on ex- 
posure to cold (26) which was suspected to be 
responsible for the polycythemia and perhaps 
also for the neutrophilia of young mice in the 
cold, is also definitely under nervous control (3, 
26). 

The changes in the functions described in 
this report as well as many other functions not 
mentioned here undoubtedly occur in an in- 
tegrated manner in the animal organism ex- 
posed to stress. The nature of the integrative 
mechanism is actively being investigated and 
discussed at present (7, 19, 24), and although 
there is some disagreement as to details, it is 
generally believed that stress leads first to the 
stimulation of center(s) in the hypothalamus 
via humoral or neural pathways. Thereupon, 
impulses travel down the sympathetic nervous 
system, stimulating the adrenal medulla to re- 
lease epinephrine and/or arterenol, which be- 
sides having peripheral effects, also stimulates 
the posterior pituitary, which then stimulates 
the anterior pituitary to increase its output of 
ACTH (29). In this way the adrenal cortex is 
stimulated to increased secretion of corticoids, 
which then act on target tissues, exerting its 


anti-stress effects, some of which were described 
in this paper. However, it must be emphasized 
that there are aspects of the integrative actions 
of the nervous system in the adaptation to cold 
which are not mediated via the endocrines. 


Whatever the mechanism(s) of the integra- 
tion of these functions, our experiments clearly 
demonstrated that this was not achieved as 
efficiently in the old as in the young, as re- 
vealed by the failure of the old animals to sur- 
vive conditions not fatal to young. Moreover, 
our experiments also demonstrated that the 
fatal failure of old mice to adapt to cold gen- 
erally occurred early in the stress period, that 
is, in the alarm phase of the Selye’s adaptation 
syndrome (32). Old animals which survived 
the first two days of cold exposure had a good 
chance of surviving the remaining 12 days of 
stress. In this connection it should be pointed 
out that the biologic functions investigated were 
generally conducted on a selected group of old 
mice, that is, on those mice which survived the 
alarm phase. Hence, the differences in the 
various biologic functions would probably have 
been even greater if measurements of old mice 
which died could have been included. How- 
ever, the fact that even this select group of old 
mice did not respond to the stress as favorably 
as the young suggests that in this select group 
too there was present some homeostatic defect 
which, however, did not have fatal conse- 
quences, under the conditions of our experi- 
ments. 


SUMMARY 

1. Old C57BL female mice showed a very 
significantly higher mortality rate on exposure 
to cold than mature young females. This age 
difference was made apparent in our experi- 
ments only when individually housed animals 
were exposed to a certain range of low temper- 
atures. The optimal temperature for this pur- 
pose was 6 to 7 C., although very highly sig- 
nificant differences were also observed at 9 to 


11 C. 


2. Temperatures which killed 100 per cent of 
unadapted old mice within 24 hours, killed 
none of the old mice within this time limit when 
they were taken to this temperature gradually, 
an indication that old mice can adapt to the 
cold. Two-thirds of adapted old mice died 
after a week at a temperature which failed to 
kill any adapted young mice. Therefore, adap- 
tation to cold is less effective in the old. 
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3. Exposure to a “cold room” temperature of 

9 to 11 C. resulted in significantly greater in- 

creases in the oxygen consumption, food intake, 

and blood sugar in the young than in the old; 
body weight decreased significantly less in the 
young. Blood lymphocyte counts decreased 
reliably more in the young than in the old and 
the erythrocyte count increased significantly 
more in the young. There was no significant 
difference due to age in the eosinopenic or neu- 
trophilic response to cold. 

4, Theoretic implications of these findings 

are discussed. i 
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The induction of hypertension by increased 
ingestion of sodium chloride has been demon- 
strated in experimental animals under condi- 
tions of restricted fluid intake (6, 14) and with 
drinking water provided ad libitum (5, 12). In 
an attempt to define the subtle and long term 
effects of various levels of intake of sodium 
chloride, we have maintained rats from youth 
throughout life on diets containing several con- 
stant levels of NaCl. This report, abstracts of 
which have appeared elsewhere (13, 17, 18), 
describes the maturity characteristics, longevity, 
and terminal data of this sample. 


MATERIALS AND METHODS 
The experimental regimen has been de- 


scribed (11). Two hundred and fifty-one male, 
albino rats of the Sprague-Dawley strain were 
placed on purified rations and demineralized 
water ad libitum. The rats were 5 weeks of age 
and weighed an average of 119 Gm. The ra- 
tions contained 9 different levels of sodium 
chloride, expressed as per cent of the diet, as 
follows: ration I (low Na diet) about 0.01; ra- 
tion II (control diet), 0.15; ration III, 2.8; ra- 
tion IV, 5.6; ration V, 7.0; ration VI, 8.4; ra- 
tion VII, 9.8; ration VIII, 14.0; and ration IX, 
21.0. Each dietary group embraced 30 rats, ex- 
cept Group I, which contained 11, and Groups 
V and VII, comprised of 29 and 31, respec- 
tively. Measurements of systolic blood pressure 
were made by the cuff method of Kersten and 
associates (10). Electrocardiograms were taken 
with a Sanborn four-channel direct writing 
recorder at a paper speed of 50 mm. per second 
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using subcutaneous needle electrodes. The rats 
were permitted to die or were sacrificed in 
extremis. Autopsies were performed as soon 
after death as feasible. 


RESULTS 


Maximum Body Weight: The maximum body 
weight attained was related to the amount of 
salt in the diet. Fig. 1 shows that the maxi- 
mum body weight decreased at the lowest NaCl 
intake as well as at all dietary levels above that 
of the control group (0.15 per cent). The mean 
of the individual maximum body weights for 
the control group was significantly larger than 
the mean for the low-Na group (P=0.015) as 
well as for any of the other groups (P < 0.01). 
Obesity, most pronounced in the control group 
at the intake level of 0.15 per cent NaCl, was 
observed in animals at all levels up to and in- 
cluding 5.6 per cent NaCl. It was not seen 
among rats eating 7.0 per cent or more of NaCl 
in the diet. Two exceptionally obese control 
rats achieved maximum weights of 1008 Gm. 


and 974 Gm. 


Time of Attainment of Maximum Body 
Weight: The several groups differed with re- 
spect to the length of time required to attain 
maximum body weight (fig. 1). The control 
rats continued to grow in weight for an aver- 
age of 17.4 months of the experimental regi- 
men. This value was not significantly greater 
than the average for the low-Na group (14.4 
months) or for the 2.8 per cent NaCl (15.1 
months) and 5.6 per cent NaCl (16.4 months) 
groups. However, the control value did exceed 
significantly the means for each group con- 
suming 7.0 per cent or more of NaCl. 


Systolic Blood Pressure at Maximum Body 
Weight: The mean systolic blood pressure mea- 
sured during the month in which the maximum 
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Fig. 1. Average maximum body weight, month 
achieved, concurrent systolic blood pressure: by rations. 
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body weight was attained is shown in figure 1. 
The differences between the mean of the con- 
trol group and of the low-Na group is not sig- 
nificant (P = 0.15). The differences between 
the mean of the control group and of each of 
the other groups are highly significant statis- 
tically (P < 0.01). The reader should recog- 
nize that the blood pressure at maximum body 
weight is not synonymous with maximum blood 
pressure exhibited during the life-span. This 
distinction is important in appraising the high- 
est levels of salt feeding in groups in which the 
maximum blood pressures were well above the 
levels illustrated in figure. 1. 
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Body Length: The mean data for body length 
at death are given in figure 2. The measure- 
ment was made from the tip of the nose to 
the tail base at the time of autopsy. For the 
entire sample the control rats were significantly 
longer than rats raised on the low-Na diet 
(P = 0.03). The rats on the first two elevated 
levels of salt (2.8 per cent and 5.6 per cent 
NaCl) did not differ significantly in length 
from the controls. However, all groups eating 
7.0 per cent or more of NaCl were significantly 
shorter than were the control animals (P < 
0.01). When the gross sample was subdivided 
on the basis of time of survival, a similar pat- 
tern of body lengths prevails for the groups on 
levels of 7.0 per cent or more salt intake. The 
numbers of animals in many of the subgroups 
are too small for meaningful significance tests, 
but the trends are unmistakable. The data in 
figure 2 suggest that the few animals on 0.01 
per cent NaCl which survived more than 20 
months did attain a length equal to that of the 
controls. The small number of rats in this 
dietary group which survived to more than 20 
months makes the finding insecure until more 
animals can be observed. 


Over-all evaluation of the data leads to the 
conclusion that rats consuming 0.15 per cent 
NaCl (the control group) grew to a greater size 
—both greater body weight and length—than 
did rats eating either 0.01 per cent NaCl or 
2.8 per cent or more NaCl. Furthermore, the 
period of growth was longest for the control 
group. Systolic blood pressure at the time of at- 
taining maximum weight was lowest in Groups 
I and II, that is, at levels of 0.01 and 0.15 per 
cent NaCl, respectively. It was significantly 
higher in all other groups (fig. 3). 


BLOOD PRESSURE AT MAXIMUM WEIGHT - MEAN + SE 


BLOOD PRESSURE 
(MM HG) 


3'70 


MAXIMUM WEIGHT 
(GRAMS) 


7160 
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Fig. 3. Systolic blood pressure at maximum weight. 
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Fig. 5. Normal control, diet 0.15 % NaCl, systolic 
blood pressure—122, heart rate—460/min. 


Electrocardiograms;: Electrocardiographic 
tracings were made on all rats surviving 19 
months of the experimental regimen. Blind 
analysis of the 90 electrocardiograms revealed 
in all groups an incidence of abnormalities 
which paralleled the degree of sustained arterial 
hypertension and the concentration of NaCl 
intake (fig. 4). Observations were limited to 
diets containing not more than 9.8 per cent 
NaCl, since rats eating 21.0 per cent NaCl were 
all dead at 9 months, and those eating 14.0 per 
cent NaC] at 15 months. It is noteworthy, how- 
ever, that about 80 per cent of the rats eating 
9.8 per cent NaCl exhibited abnormalities. Se- 
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Fig. 6. Mild hypertension, diet—5.6 % NaCl, systolic 
blood pressure—144, heart rate—434/min. 


lected tracings show animals with normal sys- 
tolic blood pressure (fig. 5), mild hypertension 
(fig. 6), moderate hypertension (fig. 7), and 
severe hypertention (fig. 8). Clearly the inci- 
dence of cardiac damage which occurred in 
these “elderly” rats was related to the amount 
of NaCl ingested in their diet. 


Longevity: Data on per cent survival of the 
controls (0.15 per cent NaCl) and of the 7 
groups eating higher NaCl levels, 2.8 to 21.0 
per cent, are presented in fig. 9. Levels of 21.0 
and 14.0 per cent NaCl resulted in high mor- 
tality early in the course of the experiment. 
The levels from 7.0 to 9.8 per cent NaCl re- 
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Moderate hypertension diet—8.4 % NaCl, 
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Fig. 7. 
systolic blood pressure—176, heart rate—496/min. 


sulted in a decreased survival, detectable from 
about the fifth month of the experiment. Never- 
theless, some 65 per cent survival persisted in 
this group throughout the first year of the 
study. 

The other levels (0.15, 2.8 and 5.6 per cent) 
present the especially striking feature of ident- 
ical survival until the fifteenth or sixteenth 
month of exposure to the diet—that is, until the 
period of life corresponding to late maturity or 
early senescence. From this point onward the 
survival of these rats eating 2.8 or 5.6 per cent 
NaCl was definitely less favorable than that of 
rats consuming the control level of 0.15 per 
cent NaCl. Although the data on the survival 
of the group on 0.01 per cent NaCl are limited, 
they show a reduction in survival and longev- 
ity beginning in the 16th experimental month 
(fig. 10). 

Organs Weights: Analysis of data on wet or- 
gan weights at death must take into account 
the influences of the variation in body weight 
and the variation in age of the animals at 
death. In order to do so, the data have been 
grouped on the basis of length of time the ani- 
mals were subjected to the experimental regi- 
men prior to death (= 12 mo.; 13-19 mo.; = 
20 mo.), and the organ weights are expressed 
as weight of the organ in grams per kilogram of 
body weight. The data on heart, kidney, and 
adrenal glands are so presented. 

a. Heart: In the total of the groups of ani- 
mals the mean cardiac weight increased with 


the increase in quantity of NaCl in the diet, 
the greatest cardiac hypertrophy being evident 
in the dietary groups VII-IX (fig. 11). These 
increments are consistent with the data on hy- 
pertension in the total groups. Cardiac hyper- 
trophy, which parallels the dietary increments 
of NaCl, was clearly evident in those rats sur- 
viving late (= 20 mo.) in the experiment, but 
was less marked at intermediate levels of in- 
take in those animals dying or sacrificed during 
the first year. In the groups dying in this early 
period there is no apparent difference in relative 
heart weight until the NaCl intake is at 7.0 
per cent (Ration V). In the survivors to 20 
months and beyond, the increased relative car- 
diac weight is apparent at 2.8 per cent NaCl in 
the diet (Ration III). Data on absolute car- 
diac weight were similar in pattern, although 
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Fig. 8. Severe hypertension, diet 8.4 % NaCl, systolic 
blood pressure—191, heart rate—378/min. 
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Fig. 10. Effect of low dietary NaCl on survival. 
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Fig. 11. Heart weight (Gm./Kg.) by rations. 
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Fig. 12. Kidney weights (Gm./Kg.) by rations. 


less striking in degree for Rations I-VI (0.0i- 
8.4 per cent NaCl). At the highest levels of 
NaCl (Ration VII-IX) the absolute cardiac 
weights were abnormally high, but the in- 
creased weight did not continue to parallel the 
increment of NaCl in the diet. 


b. Renal Weight: The pattern of renal hy- 
pertrophy (fig. 12) differed but slightly from 
the pattern of cardiac hypertrophy. 


c. Adrenal Weights: The relative adrenal 
weight changes (fig. 13) showed a less consis- 
tent pattern than those of heart and kidney. 
Rats at the lowest salt intake level (0.01 per 
cent) had enlarged adrenals if they survived 
less than 20 mo. The smallest relative adrenal 
weights were found most consistently in the 
control (0.15 per cent NaCl) and Ration III 
(2.8 per cent NaCl) animals. The greatest in- 
crease in relative adrenal weight usually oc- 
curred in the rats at the high salt intake levels 
(7.0 per cent to 21.0 per cent NaCl) regardless 
of the length of time the rats had been on the 
experiment. That these relative weights are 
greatly influenced by the body weights is evi- 
dent from inspection of fig. 14 which shows the 
actual average weight of the adrenals in milli- 
grams at autopsy for the various survivors’ age 
and diet groups. Here one observes, in animals 
dying during the first year of experiment, an 
increased adrenal size related to the amount of 
NaCl in the diet, but a converse relationship 
in those dying in the later period (2 20 
months) of the experiment. 
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Fig. 13. Adrenal weights (MGM/Kg.) by rations. 
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Fig. 14. Absolute adrenal weights by rations. 


DISCUSSION 

The possibility of inducing a harmful excess 
of salt into the body by feeding salt generally 
has been discounted, at least in normal ani- 
mals. It has been known for several years, 
however, that a high-salt intake potentiates 
the hypertension induced by desoxycorticoster- 
one as pointed out by Selye and associates (15). 
Conversely, as shown by Allen and Sherrill 
(1), Kempner (9), and many other clinicians, 
it has been demonstrated beyond cavil that a 
low-salt diet can substantially reduce the blood 
pressure in many hypertensive patients. There- 
fore, the possibility exists that long-continued 
excessive salt intake may be deleterious even 
though it does not lead to obvious edema and 
plethora. 


The data presented here demonstrate that in 
the male albino rat diets both high and low in 
sodium chloride content have unfavorable 
physiologic and nutritional effects. The pre- 
ponderance of the data deals with rats chron- 
ically fed high levels of NaCl. Untoward ef- 
fects were encountered using the following cri- 
teria: (a) maximum body weight; (b) body 
length; (c) growth period, i. e., the time re- 
quired to achieve maximum body weight; (d) 
systolic blood pressure at the time of maximum 
body weight; (e) the incidence of electrocardio- 
graphic abnormalities; and (f) longevity. The 
small sample studied on the low-Na diet re- 
duces the reliability of the data at the opposite 
extreme. However, the rats on the low-Na diet 
fared less well than the control animals when 
judged by three criteria: (a) maximum body 
weight; (b) body length; and (c) longevity. 
Since the rats on Ration I (0.01 per cent NaCl) 
were housed in the same room with the rats 
feeding on high levels of NaCl, it is possible 
that the low-Na group obtained additional 
traces of salt adventitiously, e. g., from dust in 
the air, and hence experienced a more favorable 
survival and growth than would have been ob- 
served under more severe restrictions. 

The electrocardiograms were analyzed and 
the abnormalities tabulated completely inde- 
pendently. The observer had no knowledge 
whatsoever of the diet or blood pressure of any 
of the animals. The 90 electrocardiograms ana- 
lyzed included a large number of completely 
normal tracings of which figure 5 is represen- 
tative. The abnormal tracings on the other 
hand exhibited an array of changes not too 
dissimilar from those which might appear in a 
series of electrocardiograms taken on human 
hypertensive patients. The significance of the 
ST and T wave changes and of simple left 
axis deviation is difficult to assess. The left 
ventricular “strain” pattern, however, is so 
similar to many tracings in human hyperten- 
sives that true cardiac abnormality can be as- 
sumed. The fact that these electrocardiographic 
abnormalities correlated well with the heights 
of arterial blood pressure and with the size of 
the hearts at autopsy provides further confirma- 
tion of the validity of these measurements. 

The data on heart weight appear to be con- 
sistent with that of Stein and Barnes (16) who 
reported that among 111 cases once normoten- 
sive and later hypertensive, cardiac hypertro- 
phy seemed to be related directly to the sever- 








ER IEE RS EEDA PE A I 





188 TUCKER, BALL, DARBY, EARLY, KORY, YOUMANS, AND MENEELY 


ity of the hypertension. Berg and Harmison 
(2) failed to detect significant cardiac hyper- 
trophy in a sample of elderly male rats which 
developed hypertension spontaneously. The hy- 
pertension in every case was related to renal 
disease, and it seems likely that a different 
mechanism wes involved than in the rats in 
which hypertension was induced through feed- 
ing increased levels of NaCl. 

Kaunitz (8) reported that diets high in NaCl 
or Cl caused marked renal hypertrophy in 
young rats. In the same animals adrenal hy- 
pertrophy was present although to a less strik- 
ing degree. These data appear to be consistent 
with our observations in elderly rats. It may be 
that the elderly rats experienced some adrenal 
hypertrophy in all groups due to non-specific 
causes associated with death. 

The optimum level of NaCl in the diet of the 
rat remains to be defined. The 0.15 per cent 
level used in Ration II (control) was taken 
from the Hubbell, Mendel, and Wakeman (7) 
formula. Although the control rats performed 
better than any of the experimental groups 
using a number of criteria, it is probable that 
this level is not ideal. Possibly the optimum 
level lies between Rations II and III (0.15 per 
cent and 2.8 per cent NaCl). 

In comparison with these animal data it is 
interesting to note the work of Dahl and Love 
(3) who observed a positive correlation be- 
tween the incidence of hypertension and the 
salt-adding habits of 547 human adults. The 
average intake of NaCl for a normal adult is 
estimated at 7 to 15 Gm. per day (4). Based on 
a 2500 Cal. diet containing 500 Gm. of dry 
matter, the typical human diet may contain 
from 1.4 to 3.0 per cent of NaCl. In other 
words, a fraction of the populace consumes 
dietary salt at a level greater than was in- 
cluded in ration II. In the present studies in- 
takes of NaCl in excess of this level resulted 
in retarded growth, elevated systolic blood pres- 
sure, higher incidence of electrocardiographic 
abnormalities, relative cardiac hypertrophy, 
and reduced life span of the rat. 


SUMMARY 


Male rats were fed purified diets containing 
9 different levels of NaCl (0.01 to 21.0 per cent 
of diet) and water ad libitum from 5 weeks of 
age throughout life. The following conclusions 
are drawn: 


Control rats grew larger (weight and length) 
than rats consuming diets high or low in NaC| 
content. 

Control rats continued to gain weight for 
longer periods of time than rats consuming 
diets containing 7 per cent or more of NaCl. 


The systolic blood pressure measured at the 
time of maximum body weight achievement 
was related directly to the NaCl content of the 
diet. 

Abnormal electrocardiograms correlated well 
both with the per cent of NaCl in the diet and 
with the height of systolic blood pressure. The 
electrocardiographic abnormalities were re- 
markably similar to those encountered in hu- 
man hypertensive patients. 

The relative weights of heart, kidney, and 
adrenal glands were correlated with the NaCl 
content of the diet. 

Control rats survived longer than rats con- 
suming diets high or low in NaCl content. 
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AGING AND THE LABILITY OF IRREPLACEABLE MOLECULES* 


F, MAROTT SINEX, Ph.D. 
(From the Medical Department, Brookhaven National Laboratory, Upton, Long Island, New York) 


Aging is usually treated as a biologic rather 
than a chemical process. This viewpoint is well 
expressed in the statement by Lansing (27) that 
“The old organism does not contain old colloids; 
it contains newly formed colloids of an old 
character.” This paper will explore the alterna- 
tive possibility, namely that the aging of an 
organism is primarily caused by molecular 
changes in nucleic acid and protein. 

An evaluation of the aging problem in these 
terms seems worth while because aging, like 
radiation injury, must ultimately have a bio- 
chemical explanation. We will treat the possible 
role of the molecular aging of DNA and col- 
lagen in respect to the life span of an animal, 
and the molecular aging of hemoglobin in rela- 
tion to the life span of the red blood cell. 

The nucleic acid and protein of the body are 
subject to a variety of insults—chemical, me- 
chanical, and thermal. Radiation is now recog- 
nized as an additional hazard. Of all agents 
capable of altering macromolecules, the most 
ubiquitous and probably the most important is 
heat. The thermal energy of the atoms that 
form the molecular structure of living organisms 
continuously vibrates these atoms back and 
forth, twisting and stretching chemical bonds, 
and exerting a steady influence for the altera- 
tion of structure. 


THE THEORY OF ABSOLUTE REACTION RATES 


A mathematical treatment of the relationship 
between temperature and reaction rates appli- 
cable to the denaturation of protein and DNA 
was first developed by Arrhenius (2) and later 
refined by Glasstone, Laidler, and Eyring (16). 
The application of this theory to biologic prob- 
lems is discussed in some detail by Johnson, 
Eyring, and Polissar (23). 

According to the theory of absolute reaction 
rates, the inactivation or denaturation of a pro- 
tein or macromolecule requires a preliminary 
activating step which involves an appreciable 
increase in heat content, AH, and entropy, 
AS. Once the molecule enters the activated 
state, inactivation and denaturation may pro- 
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ceed spontaneously. The rate-limiting reaction 
is considered to be the initial activation. 

The fundamental equation of this theory of 
absolute reaction rates describes how K, the 
constant describing the velocity of a reaction, 
varies with temperature. This equation is 


x 2 kT 





«K', (1) 


k is Boltzman’s constant, h Planck’s constant, T 
the absolute temperature, K’ the equilibrium 
constant of the reaction leading to the formation 
of an activated complex and x a transmission 
coefficient expressing the probability that the 
activated complex will form the products of the 
reaction in question. 

In practice, it is necessary to make a number 
of transformations. , the transmission co- 
efficient, is usually assumed to equal unity. And 
since 


AF = -RT In K' (2) 
and 
AF = AH - TAS (3) 
the relationships 
K = kT, -4F/RT, 
h 


(4) 


and 


K -*T, -(AH/RT-AS/R) (5) 


may be derived. 

Inactivation usually proceeds as a unimolec- 
ular reaction, since a plot of the logarithm of 
the remaining activity against time gives a 
straight line, the slope of which is the reaction 
velocity constant K. This reaction velocity con- 
tant varies as a function of temperature. 

From Equation No. 4 it follows that 


K 
AF = -RT In{ kT (6) 

h 
From Equation Nos. 3 and 6 it is possible 
to determine AH and AS by plotting AF 
against T or by solving simultaneous equations. 
AH and AS are assumed to be constants ap- 
plicable over a rather wide range of tempera- 
tures. The validity of this assumption is dis- 
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cussed by Johnson, Eyring, and Polissar (24). 
It is often convenient to treat reaction rates 
in terms of t 4 or the time required for a 
reaction to be 50 per cent complete. The rela- 
tion between t 14 and K for first order reactions 
is 
K = 0.6932 


~ (7) 
2 
From Equation No. 5 it follows that 
0.6932h _.-(AH/RT-AS/R) (g) 


kTt4 
which can be used to calculate A. H and A S 


since 


1 


0.6932h 4H AS 
ns -/ ) (9) 


kTty RT R 


is of the form y = mx + b where the slope of 
the line obtained by plotting the logarithm 
on the left against 1/T has a slope equal to 
A H/R. 


COLLAGEN 


In discussing molecular aging, it is pertinent 
to inquire whether molecules of collagen might 
undergo some chemical change with senescence 
which would alter the physiologic properties of 
connective tissue. This question is of particular 
interest in the case of human beings whose life 
expectancy is gradually increasing, and who are 
afflicted with a variety of degenerative diseases 
of collagenous tissue in their later years. For 
the molecular aging of collagen to be considered 
significant, it would be necessary to establish 
three points: (a) that the changes which occur 
in collagen with time would have an adverse 
physiologic effect, (b) that these changes occur 
under physiologic conditions at a significant 
rate, and (c) that the rate of collagen replace- 
ment is sufficiently slow to allow altered mole- 
cules to accumulate. In regard to postulate (a) 
it may be stated that a gradual thermal de- 
naturation of collagen would definitely alter its 
chemical and physical characteristics, and this 
in all probability would leave an adverse physi- 
ologic effect. In regard to postulate (b), it is 
difficult to establish experimentally the rate at 
which collagen denaturation might proceed un- 
der physiologic conditions. In vitro measure- 
ments of collagen denaturation at elevated tem- 
peratures, taken together with changes which 
have been observed in the aging dermis of the 
skin, suggest that the thermal denaturation of 
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collagen may proceed at a significant rate in the 
living animal. That there is only limited re- 
placement of collagen is supported by tracer 
experiments carried out by two groups of in- 
vestigators. Their experiments will require ex- 
tension but are convincing as far as they go. 
We will now proceed to discuss these three 
postulates in detail. 

In any discussion of the aging of collagen, 
we must be careful to distinguish between 
maturation and senescence. The changes ac- 
companying maturation in collagen have been 
described by a number of investigators, includ- 
ing Verzar (46), Jordan-Lloyd and Marriott 
(25), Sobel (42), and Banfield (4, 5). 

The collagenous tissues of a young animal are 
rich in ground substance. The collagen is dis- 
persed, and relatively large amounts may be 
extracted with saline and citrate buffers. 

As an animal matures, the collagen becomes 
progressively more organized, and the concen- 
tration of ground substance decreases (42). As 
tne concentration of ground substance decreases, 
the fractions of collagen which may be extracted 
in saline, phophate buffer, or citrate buffer de- 
crease (34). The dispersed, randomly oriented 
molecules and microfibrils of this extractable 
collagen associate into larger fibrils of more 
definite orientation (26), as indicated by the 
appearance of the characteristic X-ray diffrac- 
tion pattern with 640 A periodicity (13). 

Once organized into larger fibrils, the col- 
lagen becomes relatively inert (32, 44). Reab- 
sorption becomes difficult, although reabsorption 
definitely occurs in certain situations, such as 
in the uterus following pregnancy (18), in the 
healing of carrageen granulomas (22), and in 
limb atrophy (40). 

Senescence is more difficult to study than 
maturation. In senescent humans degenerative 
changes in the collagen of the dermal layer of 
the skin have been reported by Strobel (43) and 
others. Evidence for degeneration during senil- 
ity has been reviewed by Cooper (10). 


Strobel observed that collagen fibers from the 
middle thirties on show increasing atrophy and 
degeneration. In senile elastosis, which prob- 
ably represents an exaggerated form of the 
senile changes occurring in aging skin, the ac- 
cumulation of large amounts of degenerated 
collagen having some of the staining character- 
istics of elastin has been observed (45). 


When a collagenous tissue is heated in vitro, 
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certain changes occur which histochemically 
resemble those observed during senescence (3). 

Can thermal changes occur in vivo? If so, 
they might present some serious physiologic 
problems. 

When a tendon, which is composed of strands 
of oriented collagen, is heated, it becomes dis- 
organized, and as the temperature approaches 
what is called the critical shrinking temperature, 
it contracts to about one-third of its original 
length. 

If a band of collagen surrounding a blood 
vessel shrank to two-thirds of its original length, 
the cross sectional area of the lumen would de- 
crease to less than 44 per cent of the original 
area, and the blood flow at constant pressure 
would decrease to less than 20 per cent of the 
original flow, 

Using the theory of absolute reaction rates, 
we will now attempt to estimate the rate at 
which the thermal denaturation of collagen 
might occur in vivo at 38 C. 

C. E. Weir of the United States National 
Bureau of Standards has made a careful study 
of the rate of shrinkage of tendon obtained from 
the tails of kangaroos (47). 

The rate of thermal denaturation can be con- 
veniently measured in the laboratory over a 
temperature range of approximately 7 degrees, 
for example, between 58 and 65 degrees. Over 
this temperature range the time required to 
attain one-half shrinkage will vary from several 
hours to several seconds. 

Weir calculated that the heat of activation of 
kangaroo tail tendon was 141 kilocalories per 
mole, with a standard deviation of 43. He 
calculated the entropy of activation to be 349 
calories per mole degree with a standard devia- 
tion of 0.6. Reinserting these values into Equa- 
tion No. 8, we have attempted to estimate the 
time required for one-half shrinkage at 38 C. 
The results of our calculations are shown in 
table | 

According to these calculations, in 215 years, 
the molecules of collagen in a kangaroo would 
undergo one-half shrinkage. 

Due to the exponential nature of Equation 
No. 8, very small variations in the values as- 
signed to AH and AS produce large varia- 
tions in calculated shrinking times. 

This is well illustrated in table 2, where the 
values for AH and AS obtained by Weir in 
8 separate experiments are tabulated together 
with the values for the time of one-half shrink- 
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Time required for one-half shrinkage 


Temperature seconds or 
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108 
10° 
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38 
43 
48 
53 
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63 


215 years 
5.77 years 
3.58 months 
1,92 days 
1.79 hours 
4.32 minutes 
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Nat. Bur. Standards 42, 17 (1949) assuming that the 
heat of activation is 141 kilocalories per mole and 
the entropy of activation, 349 calories per mole 
degree. | 
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age which may be derived from them. There is 
such a large variation in the calculated time of 
one-half shrinkage that little significance can 
be attached to any particular numerical value. 

Pankhurst (35) describes a phenomenon 
which he terms “incipient shrinkage.” Air-dried 
collagen (source unspecified) was heated at 
45 C. in atmospheres of varying humidities for 
periods up to 80 days. The collagen was then 
immersed in water and the amount of water 
absorbed by 100 Gm. of collagen was measured. 
Treatment at 45 C. decreased the ability of the 
collagen to absorb water. The untreated, air- 
dried collagen was capable of absorbing 126 
Gm. of water. Collagen heated at 45 C. at 100 
per cent humidity for 80 days absorbed only 
75 Gm. of water. If 75 Gm. is taken as the 
amount of water absorbed by collagen subjected 
to maximum “incipient shrinkage” at 45 C., the 
process was 50 per cent completed in 11 days. 
This would indicate that denaturation measured 
in terms of “incipient shrinkage” occurs fairly 


Tasre II, Years Required FOR ONE-HALF SHRINKAGE 











CALCULATED FROM INDIVDUAL EXPERIMENTS. 
4H t1/2 38° 
kilocal/mole cal/mole deg. ears 
lnk = 
136 334 106 
136 330 84 i 
145 361 319 
168 431 2145 
152 383 390 
141 348 319 
120 292 0.96 
128 313 10,6 
Calculated from data of C.C. Weir, J. Research 
Nat. Bur. Standards 42, 17 (1949). : 
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rapidly at temperatures not too far removed 
from the physiologic range and might proceed 
in vivo at a finite rate. 

That there is some physiologic significance 
to the critical shrinking temperature of collagen 
(although not necessarily in respect to aging) 
is suggested in table 3. This tabulation com- 
pares data reviewed by Brett (9) on the maxi- 
mum temperature tolerated by various species 
of fish with the critical shrinkage temperatures 
of fish collagens reported by Gustavson and 
Takahashi (17) and tabulated by Gustavson. 
There is a definite correlation between the en- 
vironment in which a fish lives and the critical 
shrinking temperature of his collagen. 








Tasie Ill, Some THermMat, RELATIONSHIPS BETWEEN 
THE COLLAGENS OF FisH AND MEN. 
Critical 
Shrinking Lethal 
Species Temperature | Temperature 
Cold Water Fish 33-44 21-28 
Warm Water Fish 49-58 31-37 
Man 60-62 43-45 

















The evidence does not support an unqualified 
statement that senescence is accompanied by a 
molecular degeneration of collagen of thermal 
origin; however, it does suggest that this should 
be considered as a possibility. 

We will now discuss the postulate that the 
rate of replacement of collagen is sufficiently 
slow in the mature animal to permit defective 
molecules to accumulate. 

In the rat the replacement is so slow that it 
is difficult to measure. Neuberger, Perrone, and 
Slack (31, 32, 33) employing carbon-14 have 
attempted to measure the turnover of collagen 
in several tissues. They estimated that the half- 
life of rat tail tendon collagen is “about 500 
days or more.” Since the mean survival age of 
rats is only about 700 days, these results indi- 
cated that many collagen molecules persist 
throughout the life span of an animal. 

The observations of Neuberger, Perrone, and 
Slack have been confirmed by Thompson and 
Ballou (44), who maintained rats on tritium 
water. In some of their experiments, rats were 
conceived by mothers receiving tritium water 
and were weaned on tritium water. These ani- 
mals were taken off tritium when 6 months old. 
There was little decrease in the specific activity 
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of the carcass collagen during the next 300 days, 
and that which occurred can be attributed to 
dilution of labeled collagen by unlabeled col- 
lagen during growth. 

These studies suggest that humans may face 
the problem of maintaining their collagen in a 
native state for over half a century of contin- 
uous incubation at 38 C. Experiments similar 
to those of Neuberger, Perrone and Slack, and 
Thompson and Ballou would be difficult with 
human subjects. High levels of isotope would 
be required to estimate the limited collagen 
formation and replacement anticipated in 
adults. Isotopic studies utilizing tritium rather 
than carbon-14 might prove more practical 
from the viewpoint of radiation hazard. An- 
other approach (originally suggested by Dr. 
W. L. Hughes of this laboratory) would be to 
estimate collagen turnover from the amount of 
natural tritium present. 

Rain water is enriched with atmospheric 
tritium (6). This tritium should find its way 
via food and water into the tissues, where some 
should be stably bound to protein. If amino 
acids containing a natural abundance of tritium 
were incorporated into a protein such as col- 
lagen and this protein was not renewed, the 
tritium in the non-exchangeable hydrogens of 
these amino acids would decay. Tritium has a 
half-life of 12.5 years. If a 78-year-old man 
replaced no collagen after the age of 40, his 
non-exchangeable collagen tritium would have 
decayed through three half lives down to 12 
per cent of its initial activity. Such a change 
in tritium concentration should be detectable. 
The principal problem in carrying out such 
studies is the extremely low natural abundance 
of tritium, which requires the counting of large 
samples by highly specialized counting tech- 
niques. 

While collagen turnover as well as elastin 
turnover (41) is very slow or almost non- 
existent in some tissues, other components of 
connective tissue may turn over quite rapidly 
(39). The definite differences between the con- 
nective tissue and tendon of young, mature, and 
senile rats (46) most certainly involve changes 
in the concentrations of glycoproteins and 
mucopolysaccharides. If in addition, there are 
changes within the collagen molecules, such 
changes must be considered as part of a complex 
interrelationship existing between the various 
chemical and cellular components of connective 
tissue during maturation and senescence. 
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DESOXYRIBONUCLEIC ACID 


There are a number of reasons for suspecting 
that the aging of a cell is associated with aging 
of genetic material. 

The extremely low turnover of desoxyribo- 
nucleic acid (DNA) found in tracer experiments 
in resting cells would suggest that the resting 
cell has a very limited capacity to synthesize 
new genetic material (15, 20, 21, 38) and that 
DNA is synthesized only during mitosis. If 
DNA is responsible for the synthesis of ribo- 
nucleic acid (RNA), which in turn is respon- 
sible for the synthesis of protein, then gradual 
alteration of genetic material would reduce the 
vigor and vitality of cells. They would become 
old. 

A very limited rate of mitosis is found in 
many tissues (28). No mitosis can be detected 
in nervous tissue and in the sense organs after 
birth. After the cessation of growth, mitosis 
ceases or is very limited in smooth, striated, and 
cardiac muscle, exocrine and endocrine glands, 
cartilage, bone, liver, and kidney. In such rest- 
ing cells, it is doubtful whether there is any 
appreciable replacement of DNA. Hypertrophied 
and hyperchromatic nuclei have been observed 
in aging mammalian cells, such as are found in 
liver and cardiac muscle which cease to divide 
in the mature animal (11). 

In the section on collagen we were dealing 
with fairly well defined chemical entities. This 
is not the case with the gene, in situ in the 
chromosome. The relationship of DNA, nuclear 
protein, and genes is a matter of conjecture, al- 
though ultimately genetic specificity is thought 
to reside in DNA. 

What may be postulated concerning the sta- 
bility of genes incubated at 38 C. for the life 
span of an animal? 

Data from the literature on several different 
kinds of materials will be discussed. The mate- 
rials include calf thymus nucleic acid, the puri- 
fied transforming factor of Hemophilus influ- 
enzae, and phage, plant, and animal viruses. 

A number of thermal studies have been made 
on purified calf thymus nucleic acid. The most 
common criterion for change is a decrease in 
viscosity. There are large variations in the data 
reported in the literature for the heats of activa- 
tion. The most recent data would indicate that 
solutions of mammalian DNA properly prepared 
may show great thermal stability. Doty and 
Rice (12) found that their most stable prepara- 
tions maintained an intrinsic viscosity (meas- 


ured at 25 C. and extrapolated to zero gradient) 
of 72, when heated for one hour up to a tem- 
perature of 85 C. It is, however, practically 
impossible to relate changes in the viscosity of 
DNA to functional changes in genes. 

On the other hand, there are certain mate- 
rials and organisms which have many of the 
characteristics of genes and which may be iso- 
lated in a fairly high state of purity. A trans- 
forming factor for Hemophilus influenzae has 
been prepared by Zamenhof, Alexander, and 
Leidy (49) which has the property of changing 
Hemophilus influenzae Type A into Type B. 

This material appears to be pure DNA. 
Zamenhof (49) found that a 20 per cent de- 
crease in viscosity of these solutions was accom- 
panied by a 90 per cent decrease in transforming 
ability. This material was also found to be quite 
stable at elevated temperatures. Zamenhof did 
not detect any inactivation in one hour at 80C., 
although inactivation went rapidly at higher 
temperatures. Material of this stability would 
not undergo appreciable thermal change at 
38 C. 

Viruses by analogy seem to resemble chromo- 
somes in regard to their ability to reduplicate 
themselves within the cells of the host and bear 
at least a superficial resemblance in chemical 
composition. The thermal stability of phages, 
plant viruses, and animal viruses might con- 
ceivably be of the same order as that of genetic 
material. 

Values for AH and AS for a number of 
viruses calculated and tabulated by Pollard (36) 
from data collected both in his own and other 
laboratories, are presented in table 4, together 
with our own calculations from the data of 
Zamenhof. In the last column, we have calcu- 
lated, assuming the validity of the theory of 
absolute reaction rates, the life of such material 
at 38 C. This is expressed in terms of the time 
that would be required for 1 per cent inactiva- 
tion rather than the time required for 50 per 
cent inactivation. The mammalian cell is prob- 
ably genetically more complex than a virus, so 
that a smaller fraction of chromosomal loss 
would impair the function of the cell. 

There is a tremendous spread to the ty: 
values listed in the table, and they extend in 
both directions beyond the life spans of any 
living organisms. 

In instances where a virus or phage is ex- 
tremely susceptible to heat, as in the case of 
influenza virus, snap bean mosaic virus, M-1, 
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Taste IV, THe THERMAL Srasiiry or A NuMBER 
OF VIRUSES. 








4H 4S Years for 
calories calories/mole 1% inactivation 
Virus per mole degree at 38° 
E. coli phage’ 
T-1 95,000 207 260 
T-2 71,700 139 -47 
<2 105,000 246 1.28 
T-5 82,000 165 730 
T-7 60,700 114 9.4 
B. Megaterium phage 
M-1 76,000 165 1.15 x 1073 
M-2 82,000 183 023 
M - 3 87,000 195 063 
M-4 136,000 347 1.28 
M- 5 112,000 254 3810 
Tobacco mosaic 40,000 18 6850 
Southerr bean mosaic 25,000 -5 2.10 x 1072 
Influenza 34,000 39 1.56 x 1075 
} Hemophilus influenzae 129,529 289 2.27 x 108 
transforming factor | 
t ———————— = — 


M-2, and M-3 phage, the rapid inactivation is 
probably associated with the inactivation of 
proteins associated with infectivity rather than 
with inactivation of DNA. The rather striking 
effect of Mg++ and other ions on the thermal 
stability of phage noted by Adams (1) and 
Friedman (14) is another variable which mark- 
edly influences such a series of measurements. 


On the other hand, it is conceivable that the 
thermal stability of M-4 B. megaterium phage 
or T-7 E. coli phage resembles that of the 
genetic material in a mammalian chromosome. 
The very great thermal stability of Hemophilus 
influenzae transforming factor which is the most 
pertinent example, however, indicates that cer- 
tain forms of DNA have a stability considerably 
in excess of that required to survive the lifetime 
of an animal at 38 C. Therefore, no real con- 
clusion is justified until more information is 
available on the structure of genes. 


HEMOGLOBIN 


Most globular proteins of the body are con- 
tinuously replaced. Their lives are shorter than 
the life spans of the cells in which they are 
produced. Hemoglobin is a special case. The 
theory of absolute reaction rates may be used 





to estimate the time required to denature 50 per 
cent of the hemoglobin in a red blood cell at 
38 C. Johnson, Eyring, and Polissar (24) give 
values for AH of 76,300 cal./mole and for 
AS, of 152 cal./mole degree. These values 
were calculated from the data of Lewis (29). 
The measurements were made on | per cent 
solutions of crystallized oxyhemoglobin from 
beef blood, both in water and in 0.15 N: am- 
monium sulphate at pH 6.8. Insolubility,; was 
taken as the criterion of denaturation. Measure- 
ments were made at 60.5, 64.0, and 68.0 degrees. 
If the calculated values for AH and AS are 
reinserted into Equation No. 8 for 38 C., the 
time which would elapse before 50 per cent of 
the hemoglobin became denatured is found to 
be 8.7 months. 

Mammalian red blood cells have definite life 
expectancies (30). While we are not aware of 
any determinations of the life expectancy of beef 
red blood cells, it is probably of the same order 
as for human red blood cells, namely, 4 months. 
It is therefore possible that the spontaneous 
thermal denaturation of hemoglobin may play 
a role in determining the life span of the red 
blood cell. 

The observations of Bernard, Dantchev, and 
Gajdos (7) suggest that changes do occur in the 
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hemoglobin of maturing red cells, newly formed 
rabbit hemoglobin being more resistant to de- 
naturation with alkali, 

On the other hand, there is no evidence that 
denatured hemoglobin accumulates in the red 
cell population. If hemoglobin were denatured 
with a t '/% of 8.7 months, the steady-state con- 
centration of denatured hemoglobin assuming a 
4-month life for the red blood cell would be 
14 per cent. There certainly is no accumulation 
of denatured hemoglobin or of methemoglobin 
of this magnitude, The concentration of methe- 
moglobin is maintained at around | per cent by 
methemoglobin reductase. An elevation in 
methemoglobin concentration to higher levels is 
felt to be detrimental to the life of the cell (37). 
This is borne out by the hemolysis observed in 
methemoglobinemia and in stored blood in 
which methemoglobin accumulates, 


AGING AND RADIATION 


The hypothesis that aging results from the 
disorganization of genetic material has been 
advanced recently by several workers interested 
in the mathematical relationships between radi- 
ation injury and survival, most forcibly by 
Yockey (48). Blair (8) has observed that 
whole-body radiation will alter the survival of 
an animal population and accelerate some of 
the changes associated with physiologic aging. 
Yockey’s suggestion based on information theory 
that aging results from a loss of genetic speci- 
ficity is extremely attractive, At the moment it 
is not easy to reconcile with the limited infor- 
mation which indicates an appreciable thermal 
stability of DNA, On the other hand, very 
small changes in the chemical structure of DNA 
might alter the specificity of the genetic infor- 
mation it transmits, 

It is probable that the consequences of nuclear 
damage in the living animal predominate over 
direct chemical effects of radiation on substances 
such as collagen where we have found that 
500,000 r of cobalt-60 gamma radiation is re- 
quired to lower the critical shrinking tempera- 
ture | C. In the case of collagen we would 
anticipate that the organic matrix of the ground 
substance, the glycoprotein, rnd the mucopoly- 
saccharides which the studies of Schiller and 
associates (39) indicate are in a continuous 
state of flux, would be affected by a much lower 
dose of radiation than the collagen molecules 
themselves. 

Premature maturation in connective tissue 


following irradiation might follow a decreased 
synthesis of ground substance due to nuclear 
injury and death of fibroblasts, permitting the 
diffuse collagen of the young animal to organize 
into dense fibrous collagen. 

Quantitative measurements of the changes in 
collagenous tissue during maturation and senes- 
cence such as those of Verzir (46) on the rate, 
degree, and force of shrinkage of rat tail tendons 
may prove extremely useful in deciding whether 
or not the decreased longevity observed follow- 
ing radiation may be attributed to accelerated 
maturation and senescence. 


SUMMARY 


Macromolecules such as proteins and nucleic 
acids are susceptible to thermal denaturation, 
The rate at which this denaturation might be 
expected to occur may be predicted from the 
theory of absolute reaction rates. An attempt 
has been made to estimate the thermal stability 
of collagen, desoxyribonucleic acid, and hemo- 
globin, 

Evidence is reviewed which would indicate 
that the collagen of connective tissue, bone, 
tendon, and blood vessels may alter and con- 
tract with age due to thermal denaturation. 
Changes occur in collagen during senescence 
which resemble those produced in vitro by 
heat. Extrapolation of physical-chemical meas- 
urements made at elevated temperatures to 38 
C. suggest that thermal changes may occur in 
vivo at 38 C, 

The changes which occur in connective tis- 
sues during maturation are accompanied by de- 
creased deposition of ground substance and 
decreased synthesis of dispersed collagen. The 
decrease in cellular activity observed during 
maturation and senescence may resemble in 
certain features the decrease in cellular vitality 
and survival following radiation injury. In both 
instances cells may lose vitality and die due to 
injury to genetic material responsible for cell 
duplication and enzymatic specificity. 

The theory of absolute reaction rates cannot 
be used to predict the thermal stability of 
genetic material at 38 C. because of the lack of 
information about its chemical structure and 
the relationship between chemical structure and 
function. 

Quantitative measurements of the changes 
occurring in collagenous tissue during matura- 
tion and senescence should prove very valuable 
in establishing whether or not there is a rela- 
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tionship between the decreased longevity ob- 


served following radiation and _ physiologic 
aging. 
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ATHEROSCLEROSIS: A HYPOTHESIS CONCERNING THE 
INITIATING STEPS IN PATHOGENESIS 


DENHAM HARMAN 
(From the Donner Laboratory, University of California, Berkeley) 


The rate of progression of atherosclerosis as mani- 
fested by coronary artery disease is correlated with the 
serum levels of low density lipoproteins (11). What 
may be the basis for this relationship? It is suggested 
that this correlation exists because the concentration of 
the material involved in the initiation steps in athero- 
sclerosis parallels that of the low density lipoprotein. It 
is further suggested that this material is produced in the 
lipoprotein through oxidative-polymerization of some of 
its lipid constituents. 

From the general character of oxidation reactions in- 
volving molecular oxygen and the ready oxidation of fats 
by oxygen (17) it might be expected that some of the 
lipids in the serum lipoproteins would undergo oxidative 
polymerization to higher molecular weight materials 
containing one or more groups such as hydroxyl, peroxy, 
carbonyl, or carboxyl. The type of product produced 
and the rate of formation would depend on such factors 
as the following: the concentration and types of choles- 
terol esters, detergents (such as the phospholipids and 
the globulins), oxidation catalysts (iron, copper, cobalt, 
for example), oxidation inhibitors (such as mercaptans, 
vitamin K, and vitamin E), fats liberated into the blood 
stream from the fat depots, and ingested fat. In addi- 
tion, hydrolysis of ester groups of oxidized-polymerized 
material would yield compounds containing hydroxy 
and carboxyl groups. Some of the data which support 
this concept of the in vivo oxidation of fats to form 
higher molecular weight compounds follow: Fats have 
been shown to be oxidized by molecular oxygen in vitro 
at body temperature and the reaction is catalyzed by 
such common metallo-organics as cytochrome-C, cata- 
lase, and hemoglobin (32). Hemin catalyses the auto- 
oxidation of linoleic acid in heterogeneous emulsion 
(16); the catalysis is stopped by the addition of acetic 
acid, dioxane, pyridine, alkali or bile which bring about 
homogenization of the system—that is, this oxidation 
reaction occurs at a measurable rate only in the dis- 
persed linoleic acid phase. It is well known that some 
fats can be oxidized to high molecular weight com- 
pounds at ambient temperatures; the drying of paints 
is an example. 

It has been shown that atherosclerotic aortae contain 
lipoperoxides and that the content of the peroxides 
parallels the degree of severity of the atherosclerosis 
while normal aortae are free of lipoperoxides (8). 
Such peroxides are produced in the oxidation of fats. 
The following is an excerpt from the paper which re- 
ported this study: 

“It may be that the peroxidation is secondary to the 
deposition of lipids, but the irreversible nature of the 
formation of lipoperoxides and the ability of such com- 
pounds to form a variety of secondary products suggests 
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the possibility that an active part is played by these 
compounds in the pathogenesis of atherosclerosis.” 

Compounds that can act as oxidation inhibitors, such 
as ascorbic acid, thiamine, iodide (22), and thyroxine 
(10), in the diet of rabbits being fed cholesterol, de- 
creases the severity of the cholesterol-induced athero- 
sclerosis, Futher, a mixture of vitamin A palmitate and 
a-tocopherol acetate, fed orally, very significantly re- 
duced plaque formation, aortic total fat, and free and 
esterified cholesterol in chickens on a regular diet (34). 

Pyridoxine deficiency favors development of athero- 
sclerosis (14, 28, 31). Is this because pyridoxine, a good 
heavy metal chelating agent, decreases the effective con- 
centration in the serum of metal oxidation catalysts? 

Atherosclerosis is a prominent feature of chronic 
disease states associated with an elevated cholesterol 
blood level (10). This is not surprising from the point 
of view of the present theory, since cholesterol is easily 
oxidized by molecular oxygen (26) and about two-thirds 
of the cholesterol in the serum lipoproteins occurs as 
esters of fatty acids (10, 12) (these are chiefly unsatur- 
ated fatty acids whose ready oxidation is well known). 

Studies of the degradation of isolated lipoproteins 
(both human and rabbit) indicated that the observed 
changes were due to oxidation (29): 

The changes noted on dialysis against a large 
volume of buffered NaCl solution or ordinary water, as 
observed by ultracentrifugal analysis were: 1) The 
heterogeneity of the lipoprotein material increased, as 
evidenced by the spreading of the peak; 2) Low density 
material of lipid nature appeared—this rose rapidly 
to the meniscus and tended to form a compact layer; 
3) The concentration under the lipoprotein peak dimin- 
ished and there was an increased amount of material 
which sedimented under the experimental condition; 
4) The rate of flotation of the lipoprotein peak pro- 
gressively decreased. In addition there frequently de- 
veloped a visible turbidity due to aggregation of lipid- 
like material mentioned above in second instance. If 
all traces of cupric ion (less than circa 0.1 ppm) were 
removed from the environment the lipoprotein was 
found to be stable upon dialysis; numerous other metal 
ions were without effect. Several substances were found 
which would stabilize the lipoprotein—these were anti- 
oxidants or else complexing agents for copper. It was 
concluded that the data supported the view that the 
degradative process was oxidative in nature and was 
catalyzed by copper. 

In addition, changes were produced in lipoprotein 
concentration similar to the changes resulting from 
dialysis by the addition of 1 per cent hydrogen peroxide 
and a trace of cupric ion (cupric ion decomposes hy- 
drogen peroxide to water and oxygen via a free radical 
reaction involving hydroxy radicals) (33). When cupric 
ion was not present or when it was complexed with 
Versene, the peroxide did not seem to affect the ijipo- 
protein. 
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Thus, oxidation of some of the constituents of the 
lipoproteins may contribute to the formation of lower 
groups from the higher S-¢ groups. Hydrolysis of glyceryl 
esters of lipoproteins also results in formation of lower 
St molecules from higher ones (13). 

The foregoing data on oxidation taken as a whole 
suggest that oxidative-polymerization proceeds in the 
lipoprotein in vivo and that this process is analogous to 
that occurring in simple emulsion polymerization sys- 
tems (5). 

There is a good correlation between the steady state 
concentration of low density lipoproteins of the S- 0-400 
group and the extent of atherosclerosis as manifested by 
coronary artery disease. Hence, if oxidized-polymerized 
lipids are the initiating agents in atherosclerosis, their 
steady state concentration must parallel that of these 
low density lipoproteins. This does not mean that 
lipid oxidation-polymerization does not occur elsewhere 
than in members of the S- 0-400 group, but implies 
that if it does, the oxidized material is formed in rela- 
tively small amounts or eventually comes to be carried 
by lipoproteins of the S-¢ 0-400 range—for example, 
oxidation of lipid might occur in a lipoprotein of 
S+>400, but as indicated above, this tends to convert 
it into one of lower Sr. 

Tissue response to foreign material in the arterial 
wall probably plays a part in the development of human 
atherosclerosis as shown by experiments in which lesions 
were produced in arteries of dogs by injecting into the 
media human fat alone or mixed with fat acids, calcium 
soaps or cholesterol (4). The severity and chronicity of 
the lesions varied with the acidity and speed of dispersal 
of the fat mixture. Human fat and fatty acids produced 
marked inflammatory lesions, which healed rapidly be- 
cause the lipids were absorbed readily. Human fat 
mixed with calcium soaps or cholesterol was absorbed 
slowly and caused chronic lesions. Repeated intravenous 
injections of solutions of large molecules such as poly- 
vinyl alcohol or sodium cellulose glycolate produced 
atheromatosis in the arteries of dogs (18, 19). 

Thus, it would seem that both the type of molecule 
entering the arterial wall and the length of time it 
stays there are involved in the development of athero- 
sclerosis. In the case of human atherosclerosis, the types 
of molecules involved in pathogenesis are apparently 
primarily some lipids associated with the lipoproteins 
of the S- 0-400 class. The time that these lipids—pre- 
sumably those which have undergone oxidative-poly- 
merization—remain in the arterial wall is a function of 
both the size of the molecules (and their chemical 
nature) and the degree of interaction between the lipids 
and the constituents of the arterial wall. Interaction 
would range from relatively slight (as between mole- 
cules of the arterial wall and lipids containing compara- 
tively non-polar groups such as carbonyl, hydroxyl, and 
esters) to quite strong, as in the formation of mixed 
calcium salts between carboxyl groups of the lipid and 
those on arterial wall constituents. 

Hence, for a given size and type of lipid, other con- 
ditions being constant, the rate of passage through the 
arterial wall, and hence the time spent in the wall, is 
a function both of the chemical character of the lipid 
@pd that of the arterial wall. What determines the 
contribution of the arterial wall to the anchoring of the 
lipid molecule? According to a recently proposed theory 
of aging (which relates aging to the deleterious side 
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effects of free radicals normally produced in the body) 
a slow net oxidation of the constitutents of the body 
would be expected, including the connective tissues of 
the large vessels such as the aorta (15). Further, it 
would be anticipated that carboxyl groups would be 
among the oxidized groups formed (on the side chains 
of proteins, for example) and that these in turn would 
form insoluble calcium salts, Thus, an increase in the 
calcium content of the tissues with increasing age would 
be expected. It has been known for a long time that the 
calcium content of the tissues of the body increases with 
age. Further, it has been shown that the content of 
aspartic and glutamic acid (both dibasic acids) of the 
elastin of the aorta increases with age, and it has been 
suggested that the increasing calcium content of the 
aorta is related to this fact (21). Thus, the ability of 
the arterial wall to anchor material such as oxidized 
lipids would be expected to increase with age through 
the formation of polar groups on the constituents of 
the wall. That arterial age is a factor in the develop- 
ment of atherosclerosis was indicated by the experiment 
(27) in which, under analogous experimental conditions, 
rabbits one year of age responded to cholesterol feeding 
with atherosclerosis, whereas 5, 10, and 25 week old 
animals did not. All rabbits, however, regardless of age, 
reacted with hypercholesterolemia of almost equal de- 
gree. 

In addition to the interaction of the oxidized-poly- 
merized lipid with fixed tissues of the arterial wall, such 
as elastin, there may also be one involving the cells, 
which may contribute to the fixation of the lipid 
material. 

The expected effect of age on the contribution of the 
arterial wall to the rate of progression of atherosclerosis 
is paralleled by an increase in the level of the low 
density lipoproteins, This increase with time (over the 
major portion of the life span) follows the same func- 
tion as does the rate of aging, as measured by the 
mortality rate.* That is, the rate of increase at any 
given time is proportional to the lipoprotein level, i.e. 
dS: 
ae kSr or log Sr kt 
dt 
of integration. Thus, the lipoprotein levels appear to 
reflect the rate at which the body as a whole is aging. 
For females the equation is good from age 25 to 70 
years, while for males it is valid between ages 15 and 
35. The slope of the curve log Sr—age is essentially the 
same for both males and females below age 35; above 
age 35, when S; 0-400 is circa 600 mg% (9), the curve 
for males begins to bend downwards. Recently it has 
been shown that the lipoprotein values also decrease, 
from a maximum Sy 0-400 of circa 700 mg%, with ad- 
vancing age in women past 70 (6). Consideration of 
the data for abnormal lipoprotein states (10, 30) indi- 
cates that this phenomenon is due, at least in part, to 
saturation of the £-globulins, normally associated with 
the low density lipoprotein, with lipid. 

The fact that a maximum level of S¢ 0-400 is at- 
tained eventually with increasing age does not neces- 
sarily mean that the steady state concentration of the 
oxidized-polymerized lipid assumed to be responsible for 
initiating atherosclerosis does not continue to rise un- 


+ c, where c is a constant 


* Calculated from data in the paper by Glazier, F. W., and 
Associates. Human Serum Lipoprotein Concentrations. J. Gerontol., 
9; 395-403, 1954. 
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ATHEROSCLEROSIS 


abated, but rather that when the Sf 0-400 lipoproteins 
gre saturated the excess oxidized-polymerized molecules 
are carried elsewhere—probably in the higher S; groups 
(or in higher concentration in the S, 0-400 or both). 

Thus, atherosclerosis appears to be the result of three 
primary processes: 1) Oxidative-polymerization of con- 
gituents of serum lipoproteins; 2) Anchoring of the 
oxidized material in the arterial wall; 3) An inflamma- 
tory reaction induced in the arterial wall by these oxida- 
tion products. With increasing age the contributions of 
the first two processes increase while that of the latter 
decreases. Hence, it is conceivable that a point might be 
reached where the rate of progression of atherosclerosis 
might decrease with age in spite of increasing contribu- 
tion of the first two primary processes. In addition to 
age, a number of other modifying factors are super- 
imposed on the primary processes (1, 2, 3, 7, 20, 23, 24, 
%, 35)—their influence seems to be best understood 
when considered from the standpoint of their effect on 
the suggested primary processes. 

This concept of the pathogenesis of atherosclerosis 
is suggestive of means to slow down the process. One of 
the most obvious is to decrease the chain length of the 
oxidative-polymerization reactions by increasing the 
serum concentration of compounds capable of acting as 
oxidative inhibitors. A study of the oxidative character- 
istics of lipoproteins formed on different dietary regi- 
mens may be quite productive. This may be particularly 
helpful in understanding why increasing the unsatura- 
tion of dietary lipids tends to decrease cholesterol and 
lipoprotein levels. 


SUMMARY 


A hypothesis has been developed concerning the initi- 
ating steps in atherosclerosis. These postulated steps are: 
1) Oxidative-polymerization of constituents of serum 
lipoproteins; 2) Anchoring of the oxidized materials in 
the arterial wall; and 3) An inflammatory reaction in- 
duced in the arterial wall by these condensed products. 
With increasing age the contribution of the first two 
processes increases while that of the latter decreases. 
This hypothesis is suggestive of means whereby the 
rate of progression of atherosclerosis may be inhibited. 
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BENIGN PROSTATIC HYPERTROPHY 
GEORGE E. BECKMANN, M.D. 


One of the most frequent GU problems con- 
fronting the middle-aged and old man is benign 
prostatic hypertrophy. Other names for the 
same condition are prostatic adenoma, benign 
enlargement of the prostate, and prostatism. 
Most frequently the condition makes its ap- 
pearance after the age of 50, and about 40 per 
cent of males over this age show some evidence 
of it. 

The etiology is unknown although there 
must be some relationship between prostatic 
hypertrophy and altered relationships of the 
sex hormones at this age. A eunuch has never 
been known to develop BPH and, in fact, cas- 
tration after the adenoma develops frequently 
causes the tumor to shrink in size similar to 
the malignant prostate after removal of the 
testicles. I am not suggesting this as a treat- 
ment for benign prostatic hypertrophy, how- 
ever, because we have less mutilating proce- 
dures than castration to control the obstructing 
adenoma. 

Pathologically, the disease is a true tumor of 
the prostate which develops in one or several 
of the prostatic lobes at the same time. There 
may be enlargement of the lateral lobes with 
encroachment on the prostatic urethra, or there 
may be enlargement of the middle lobe which 
then projects into the bladder, and may act as 
a ball valve at the bladder neck. There may 
also be a collar type of hypertrophy which has 
uniform growth entirely around the vesicle 
neck. There can be a combination of these in 
any one patient. 

The adenoma develops, and in doing so, 
compresses the normal prostate between itself 
and the anatomic capsule of the prostate. The 
so-called surgical capsule of the prostate actu- 
ally is the anatomic capsule plus the com- 
pressed but otherwise normal prostate lying to 
the periphery of the prostatic adenoma. The 
normal prostate weighs about 20 Gm. The 
average enlargements seldom exceed 80-90 Gm., 
but there have been reported cases in which 
300-400 Gm. were removed. 

“From the Ochsner Clinic, New Orleans. 
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Microscopically, the picture is one of hyper- 
plasia of the glandular epithelium with marked 
increase in the connective tissue stroma. Hyper- 
trophy is then a misnomer, and hyperplasia 
would be a better term. 

The symptoms of prostatic hypertrophy vary 
considerably from no genito-urinary symptoms 
at all to sudden acute retention with the ina- 
bility to pass any urine. However, the most 
common symptom is frequency of urination, 
either diurnal or nocturnal (nocturia) with 
gradual increasing severity until the patient has 
to urinate perhaps 10-15 times each day and as 
often as 4-6 times at night. Along with the fre- 
quency is usually some degree of urgency mak- 
ing it impossible for the patient to exercise any 
degree of control over his voidings. The uri- 
nary stream becomes smaller in both size and 
force, and terminal dribbling is usual. Most 
patients with any degree of hypertrophy, and 
especially if they are carrying any residual 
urine, will comment that even after voiding all 
they can the bladder does not feel empty. 

If the residual is large enough, there may be 
evidence of lower abdominal enlargement, and 
percussion and palpation will reveal an en- 
larged bladder. Pressure over the suprapubic 
area will cause the patient to feel as though 
he must urinate. Other symptoms and signs of 
prostatic enlargement are bleeding from the en- 
larged, congested prostate. This may be quite 
profuse and require surgical intervention to 
control, although usually an indwelling bag 
catheter is sufficient. Infection may complicate 
the picture, especially if the bladder is holding 
any residual. Stagnant urine offers one of the 
best natural occurring culture medias in the 
human body. Again, an indwelling catheter 
will control this problem until definitive sur- 
gery can be carried out. 

The complications of BPH are many. Fore- 
most, of course, is the increased intravesical 
pressure necessary to evacuate the bladder, 
however ineffectively. The bladder muscula- 
ture hypertrophies from overwork, producing 
visible enlargement of the muscle bundles, 
which are are called trabeculations. Between 
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these trabeculations the bladder mucosa lies 
in a shallow depression which gradually deep- 
ens, producing a “cellule” and eventually a 
“diverticulum.” In some instances, the in- 
creased intravesical pressure is transmitted to 
the kidneys and ureters, producing obstruction 
to the flow of urine to the bladder. The hy- 
dronephrosis and hydro-ureter which result 
lead to infection and reduced renal function. 
Occasionally the uretero-vesical valves become 
incompetent, allowing the urine to back up in 
the ureters when the patient attempts to void, 
a condition called reflux. This too predisposes 
to increased infection and loss of renal function. 
The constant presence of infected residual urine 
may also produce a bladder stone, with a 
marked increase in symptoms caused by the 
irritative qualities of the stone. Last, but by no 
means least, is the complication of acute re- 
tention to which all these patients are suscepti- 
ble. Many times the very first symptom the 
patient is aware of is the episode of inability 
to urinate at all. In this event of acute reten- 
tion an indwelling catheter is put into the 
bladder and then a complete urologic investi- 
gation carried out. 

An examination of the patient who presents 
himself to his physician with any of the afore- 
mentioned symptoms then must be carried out 
to determine if he has benign prostatic hyper- 
trophy or some other urologic problem. Of 
course, the very first step in the procedure is a 
careful and detailed urologic history outlining 
how long symptoms have been present, ex- 
actly what they are, and their sequence of oc- 
currence. Following the history, next in order 
is the physical examination, which should in- 
clude not only a careful examination of the 
abdomen and renal areas, but also examination 
of the genitalia, and the prostate by means of 
a rectal examination. It is wise to have the 
patient urinate into two glasses before exam- 
ining the prostate so that if the prostatic se- 
cretion is heavily infected it will not contami- 
nate the urine specimen; after a massage of 
the prostate such urine examination is not pos- 
sible. Therefore, after the physical examina- 
tion, but before the prostate is massaged, the 
patient should be asked to urinate into two 
glasses, and it should be noted at this time 
whether there is any difference in the appear- 
ance of the urine samples in the two glasses, 
whether there are any shreds or cloudiness in 
the first or in the second, or blood. At this 


time, too, can be noted the exact character of 
the urinary stream. Rectal examination of the 
benign prostate reveals that the gland is much 
larger than normal in most cases. Its surface 
is smooth, and the landmarks of the prostate 
may be missing. The median furrow may be 
completely absent and the lateral sulci are 
extremely deep. The consistency of the gland 
is best described as rubbery, and on many oc- 
casions, it is almost impossible to reach over the 
gland to palpate the bladder and the seminal 
vesicles. 

Following the routine history and _ physical 
examination, it is my custom to obtain an in- 
travenous PSP test, which is done for two rea- 
sons. First, it gives some indication of the pa- 
tient’s renal function, and second, it is useful 
in determining in a rough way how much 
residual urine he is carrying. This procedure 
should be carried out as an office procedure at 
the time of his first office visit. One cc. of PSP 
is given intravenously, the patient having com- 
pletely emptied his bladder prior to the begin- 
ning of the test. I usually collect a single spec- 
imen at | hour and 10 min., during which time 
the patient is allowed to have fluid ad lib. At 
this time a normal specimen will range some- 
where between 46-60 per cent excretion of the 
dye, and we infer two things if it is within this 
range. First, that the patient’s renal function, 
at least his tubular function, is within normal 
limits, and secondly that he is probably almost 
completely emptying his bladder, since if very 
much was retained, the specimen would be low. 
If the percentage of dye excreted is low, at this 
point we generally pass a small Coude catheter 
gently into the bladder to determine the exact 
amount of the residual urine. 


Intravenous urograms are obtained on all pa- 
tients who are suspected of having BPH, not 
only to determine the status of the upper tracts, 
but also to determine the presence or absence 
of any complications in the bladder. The x-ray 
studies of the urinary tract will show to some 
extent the function of the kidneys, whether 
there is any dilatation present, the presence or 
absence of stones, not only in the kidney but 
also in the bladder, and while the excretory 
cystogram is notoriously inaccurate, it will, in 
some cases, give an indication as to the pros- 
tatic size. One other x-ray study of the urinary 
tract is usually carried out, a retrograde cysto- 
gram, which is easily performed by filling the 
bladder with some radio-opaque substance, such 
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as 5 per cent sodium iodide or dilute solutions 
of the organic iodines used in obtaining a ret- 
rograde pyelogram and intravenous pyelogram. 
The bladder is allowed to fill by gravity to its 
maximum capacity, and then AP right and left 
oblique films are made followed by an evacua- 
tion film. This series of films will give an ac- 
curate delineation of the bladder shadow, will 
show the presence or absence of any diverticuli, 
and will give an accurate picture of the pros- 
tatic size, particularly on the oblique films. This 
study has the added advantage of showing the 
presence of any reflux which might occur up 
the ureters, showing decompensation of the 
ureteral vesical junction. It is for this reason 
alone that a cystogram is never carried out on 
the same day, or immediately following an in- 
travenous pyelogram or retrograde pyelogram, 
because frequently the opaque medium used in 
these studies is retained in the kidneys and 
ureters for some time after the procedure is 
carried out. It would be impossible to deter- 
mine whether there was reflux present unless 
the upper urinary tract was completely free of 
opaque media before beginning the cystogram. 

Cystoscopy is generally indicated in the pa- 
tient in whom benign prostatic hypertrophy 
is a problem. However, the patients must be 
selected, and frequently the best place to carry 
this procedure out is in the hospital where 
preparations for surgery have already been 
made, This procedure allows a direct view of 
the entire bladder wall and the prostatic ure- 
tha. Gentleness cannot be stressed too greatly 
in carrying out thisstudy. Even in the best of 
hands the cystoscope can be a dangerous instru- 
ment. Cystoscopy in a patient with a large 
prostate can cause acute retention, severe infec- 
tion, and sometimes uncontrolled bleeding from 
the prostate. In all such patients, and espe- 
cially when the procedure is carried out as an 
out-patient procedure, facilities should be avail- 
able to hospitalize the patient immediately if it 
becomes necessary. In some cases the correct 
surgical judgment would be to cystoscope the 
patient only after he is already under an anes- 
thetic just prior to surgery on his prostate in 
order to prevent just such complications as I 
have mentioned. 

The final decision as to whether any par- 
ticular prostate should be operated on depends 
on many factors. First and foremost is the 
amount of residual urine the patient is carry- 
ing. We generally believe that any residual 


urine over and above 3 oz. represents a definite 
indication to prostatic surgery. Patients with 
less than 3 oz. will have to be watched closely, 
usually at 6 month intervals, and if their resid- 
ual urine is increasing, we then recommend 
surgery. There are other groups of patients, 
however, that will require some sort of prostatic 
surgery even though their residual may not be 
enough by itself to justify an operation. These 
are the patients whose symptoms have become 
almost intolerable even though they are actu- 
ally able to empty their bladder. Such pa- 
tients may be getting up numerous times at 
night, their stream may be very small and 
weak and considerable straining and effort on 
their part may be required to evacuate the 
bladder. If this picture is complicated by some 
form of cardiovascular disease, as is often the 
situation with many of these old men, it is 
frequently possible to relieve many of their 
cardiovascular problems merely by allowing 
them to get a good night’s sleep and to empty 
the bladder without straining. More than once 
we have seen a man’s cardiac status improve 
markedly after prostatic surgery. Other indi- 
cations for prostate surgery are the occurrence 
of various complications to the benign pros- 
tatic hypertrophy, such as a stone in the blad- 
der, hydronephrosis, and diverticulum of the 
bladder. These signs all indicate that the blad- 
der neck obstruction is severe enough to war- 
rant intervention. 


The actual preparation for surgery, once it 
has been decided upon, depends somewhat on 
the surgical risk involved. If the patient is rela- 
tively young, with a good cardiovascular sys- 
tem, the preparation need be no more than 
that for routine surgical procedures. However, 
in certain older individuals who are not a good 
risk, it may be wise to drain the bladder with 
continuous drainage by means of an indwell- 
ing catheter for some time before institution of 
prostatic surgery, particularly if the blood urea 
nitrogen is elevated. For many years it has 
been the policy of urologists to institute con- 
stant drainage in a man whose NPN or BUN 
was elevated, and to allow him to remain on 
continuous drainage until the nitrogen is stabi- 
lized, that is, reaches a constant value after 
continuous drainage. This does not necessarily 
mean a normal value, but rather the lowest 
possible value for this particular patient. This 
drainage may take several weeks or as long as 
a year or so before the prostatic surgery is 
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carried out. An indwelliing urethral catheter 
is extremely irritating over any but the short- 
est period of time, and it is therefore wise, 
if continuous drainage is planned for more than 
a month or two, to insert a suprapubic tube for 
the drainage of the bladder. This can be done 
very easily under local anesthesia if necessary, 
and there is hardly any operative risk connected 
with such a procedure. I do not recommend 
any sort of punch cystotomy because of the 
many complications which could occur from 
such a procedure. 

The actual surgery upon the prostate gland 
is at present confined to four major surgical 
procedures. The first I wish to mention briefly 
is the suprapubic approach of which there are 
really two varieties. The first is the classic 
suprapubic prostatectomy which is done in two 
stages. The first stage has already been men- 
tioned, that is the placing of a suprapubic tube 
in the bladder, through a small incision. The 
patient is allowed to have constant draining 
of the urinary tract for a period varying from 
a week to a month, which permits his urinary 
tract to stabilize. Following this, a suprapubic 
prostatectomy is carried out through the same 
suprapubic incision. This, of course, is the saf- 
est procedure and one which can be tolerated 
by even the poorest of surgical risks. The other 
type of suprapubic procedure is the one-stage 
suprapubic prostatectomy with or without su- 
prapubic drainage following the surgery. Be- 
cause of the newer surgical adjuncts and im- 
proved technique, this is the commonest su- 
prapubic operation at the present time. The 
suprapubic operation, whether a classic or a 
one-stage procedure, is the operation of choice 
for the casual urologic surgeon because it of- 
fers less difficulty both to the surgeon and pa- 
tient. The two primary complications to this 
procedure are 1) bleeding at the time of sur- 
gery, which can be extremely profuse and may 
even require packing of the prostatic fossa, and 
2) obstruction at the region of the internal 
sphincter following surgery, which is due to the 
contracture of the scar tissue at the vesicle neck. 
This can be prevented by taking a wedge of 
tissue from the posterior lip of the bladder neck 
at the time of the prostatectomy, which allows 
a wide open fossa and bladder to remain. 

The perineal approach to the prostate was 
first devised and popularized by Dr. Young of 
Johns Hopkins Hospital and since been advo- 
cated by Dr. Elmer Belt of Los Angeles and 


others. It is an ideal surgical approach to the 
prostate provided the gland is fairly low lying 
and the ischeal spines are wide spread so that 
adequate exposure is easily obtained. This 
operation is particularly suited to the older age 
group who are poor surgical risks since the 
post-operative morbidity is minimal and this 
type of surgery allows for the removal of fairly 
large glands which would be difficult to remove 
by any other method. The drawbacks to the 
use of the perineal prostatectomy are |) the 
risk of incontinence because of damage to the 
sphincter which, while minimal, is a constant 
threat, and 2) it requires a very special training 
and technique to carry out the procedure since 
there is no place where a poorly trained sur- 
geon can get into more difficulty. 

The retropubic approach to the prostate, de- 
vised by Terence Millen of England, has be- 
come quite popular during the past few years. 
By its name one realizes that the approach is 
through the anterior surface of the prostatic 
capsule with exposure of the adenoma and its 
enucleation thereby. Technically, the opera- 
tion is not particularly difficult, and it lends it- 
self well to the removal of the benign prostate. 
The complications which might arise from the 
use of this particular procedure are 1) due to 
the fact that the bladder cannot be adequately 
inspected during a classic retropubic operation 
and 2) considerable bleeding may be encount- 
ered as one goes through the plexus of veins 
which lies on the anterior surface of the pros- 
tatic capsule. This bleeding can be rather pro- 
fuse since the walls of these veins are very thin 
and friable. Other than these two problems, 
however, the same post-operative care can be 
given to the patient who has had a retropubic 
prostatectomy as to the one who has had a sup- 
rapubic prostatectomy. The advantages to the 
retropubic prostatectomy seem to be that the 
patients have little morbidity during the post- 
operative period, and as a whole, leave the hos- 
pital sooner than the other open type opera- 
tions. 

The last type of surgery that I wish to dis- 
cuss is that of the transurethral resection which 
has become extremely popular with the uro- 
logic profession since 1935. This operation is 
the most difficult to do technically and requires 
the most experience on the part of the surgeon. 
It is designed at the present time primarily for 
two type of glands, the small, fibrous gland, 
and the carcinoma. It is my opinion that re- 
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sections should be reserved for those prostates 
smaller than 40 Gm. even though many men in 
the country today routinely do transurethral 
resections of benign prostates weighing up to 
and including 100 Gm. I have always consid- 
ered that this is nothing more than a “surgical 
show.” The patients with large benign pros- 
tates do better with open surgery than they do 
with transurethral resections. 

There are complications, of course, to trans- 
urethral surgery peculiar to this particular type 
of operation. Lower nephron nephrosis or 
acute renal insufficiency develops more fre- 
quently after transurethral resection than after 
any other type of prostatic surgery. This oc- 
curs because of the irrigating solution used at 
the time of operation entering the venous 
channels of the prostatic capsule and being 
forced into the blood stream because of the 
hydrostatic pressure of the irrigating fluid. At 
the present time there are many solutions be- 
ing recommended for use, and all have their 
advantages. In my own particular group, we 
are still using distilled water, and have had no 
trouble with it. 

There are two complications of transurethral 
surgery which must be kept in mind and which 
are actually contraindications for this type of 
operation in some cases. Foremost of these is 
continued infection following the surgery 
caused by dead or devitalized tissue still re- 
maining in the prostatic fossa due to an in- 
complete resection. Such tissue will cause a 
severe infection to be maintained and will ac- 
tually give the patient considerable symptoms; 
until it is removed transurethrally, he will get 
no better. The other problem is bleeding from 
the prostatic urethra, months or sometime 
years, following the original surgery, a condi- 
tion which is not seen frequently with other 
types of prostatic surgery. In the younger man 
who has an enlarged, benign prostate, it is 
sometimes better to elect to do an open oper- 
ation with removal of all of the adenoma, 
rather than to perform a transurethral resection 
with the resultant risk of regrowth of the ade- 
noma or of leaving some behind. 

No discussion of benign prostatic hyper- 
trophy would be complete without at least 


mentioning the more or less parallel urologic 
problem, that of prostatic carcinoma. It has 
long been recognized that the only real cure 
for prostatic carcinoma is the early recognition 
and removal of the small, hard nodule while it 
is still confined to the prostate and its capsule. 
It has been the experience of urologists all over 
the country that less than 5 per cent of all pros- 
tatic carcinomas will fall into this early group. 
It is possible to have carcinoma of the prostate 
occurring concomittently with a benign ade- 
noma and merely be represented by a hard 
small nodule in the midst of a large rubbery 
benign gland. An open perineal biopsy should 
be performed on such lesions, of course, as soon 
as discovered. The various closed types of bi- 
opsy that have been recommended over the 
years should be mentioned only to be con- 
demned because, while a positive biopsy leaves 
no question as to the nature of the lesion, the 
number of false negatives might be quite large 
in a good sized series. It has, therefore, been 
our practice to biopsy a nodule through an 
open perineal biopsy. We believe, too, that 
frozen sections of prostatic tissue can be fairly 
misleading even in the hands of the best path- 
ologist, so that we have taken the stand that 
after we take the biopsy we close the perineum 
and await a permanent section in 48 hours, 
and then reopen the perineum and expose the 
prostate if the biopsy proves the lesion to be 
a carcinoma. 

In conclusion, I would like to emphasize that 
the problem of benign prostatic hypertrophy is 
not a simple one and that there are many pit- 
falls and complications that can be encountered 
when a physician who is not specifically trained 
in urology attempts to handle the problem. It 
is likewise true that there is no more grateful 
patient than the man who has had difficulty 
urinating for many years and whose ability to 
urinate has been improved through treatment 
and surgery upon his prostate. It must be 
stressed again that every patient over the age 
of 50 who enters a physician’s office should have 
a rectal examination to determine the size, con- 
sistency, and fixation of the prostate gland in 
order to rule out, or to identify as soon as pos- 
sible, any areas of malignancy. 
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AGE CHANGES IN COLOR MATCHING 
JEANNE G, GILBERT, Ph.D, 


The present paper deals with age changes 
which occur in male and female subjects in 
color matching. Previous research on color 
vision and age has been meager and results 
have often been contradictory. Cook (3), 
studying color discrimination in children, 
found a significant increase in the accuracy of 
color discriminaton between the ages of 2 and 
6 years but concluded that up to the age of 
15 years children do not perform as well as 
adults on most color vision tests, 

Smith (7) likewise reported that although 
infants are sensitive to color, children up to 
the age of 15 years are not as good as adults 
on color vision. He found a rapid increase in 
color discrimination to age 25 with no appreci- 
able decline until after 65, However, he based 
his conclusions on a limited number of cases 
and did not report exact ages of subjects, so 
that the time when decline actually sets in 
could not be determined. 

In the industrial field, Tiffin (8) made a 
study of 7,000 factory workers and reported 
progressive deterioration of ability to discrimi- 
nate colors between the age of 25 and 55. He 
concluded that because of this decline, employ- 
ees in industrial color work should have an 
initial excess of ability to discriminate colors. 

More recently, Ouellette (5), in a pilot study 
of 28 male and female subjects between the 
ages of 20 and 30 years and 28 between 75 and 
85 years, found significantly lower scores in the 
ability of the older group to match blue, red, 
green, and yellow. She found no significant sex 
differences but did find wide individual varia- 
tions of color matching ability at all ages. 

On the other hand, Boice, Tinker, and Pat- 
erson (1) studied 236 faculty members of the 
University of Minnesota on the Ishihara and 
American Optical Company color tests and 
found no deterioration between the ages of 20 
and 59, 

Chapanis (2) likewise found no significant 
relationship between age and color vision pro- 
vided persons under 15 years of age were 
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omitted. He gave 574 persons between the ages 
of 7 and 77 years 5 different tests at the Balti- 
more Sesquicentennial and based his conclu- 
sions on the results obtained. He found some 
statistically significant relationship between 
visual acuity and color vision but because some 
persons with poor visual acuity made _ better 
color scores than some with good visual acuity, 
he concluded that the relationship is insignifi- 
cant from a practical point of view. Chapanis 
also reported in this article several studies 
which have tended to show that old people 
have greater difficulty than younger persons in 
distinguishing and recognizing blue-green, blue, 
and violet and pointed out that this is reason- 
able because of the yellowing of the Jens with 
advancing years. This yellowing of the lens 
has the effect of a filter which makes the dis- 
crimination of a bluish color more difficult and 
may even lead to a form of tritanopia or blue- 
blindness. 

Contradictory evidence for sex differences in 
color vision likewise exists. Early. studies indi- 
cated a superiority of women over men, but 
Pickford (6) attributed this to the greater in- 
cidence of color blindness among men and to 
the greater familiarity of women with color 
names. Correcting for these defects, he found 
no sex differences in ability to discriminate 
colors. 

As mentioned above, Ouellette (5) also failed 
to find sex differences among her two age 
groups in ability to match colors. 


MATERIAL AND METHODS 

In the present study 355 unselected subjects 
(160 male and 195 female) between the ages 
of 10 and 93 years were given the Color Apti- 
tude Test designed by Dimmick and Foss (4) 
for the Inter-Society Color Council. Aside from 
Ouellette’s (5) 28 institutionalized subjects and 
a few older men from the Sailor’s Snug Harbor 
in Staten Island, all subjects were living in 
their own homes in the community. All took 
the test voluntarily and gave good cooperation. 
There were no noticeable variations in motiva- 
tion at different age levels. 
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The Color Aptitude Test consists of a flat 
rectangular board, 18 in. long and 14 in. wide, 
on which are mounted 4 rows of 12 plastic 
chips, (1” x 144”), each row containing fine 
graduations of shade of a particular hue—in 
order from top to bottom, blue, red, green, and 
yellow. The color series range in 15 regular 
and substantially equal saturation steps, with 
the exception of the least and the most satu- 
rated of each color which are farther apart in 
saturation than the other steps in the series. 
Since they are easier to match, these least and 
most saturated chips are placed in the end po- 
sitions of each row on the chart and used by 
the subject as practice trials. The chips are 
mounted on the chart in such a way that all 
adjacent chips are at least three saturation steps 
apart. 


A transparent plastic container holds 48 
chips identical to those mounted on the board. 
They are arranged in the container in random 
order and are released one at a time by means 
of a plunger manipulated by the subject. The 
subject matches each chip from the container 
to one on the board, recording his choice on a 
paper score sheet which is placed behind the 
chips and so arranged that the number on back 
of the loose chip can be written directly be- 
neath the chosen chip on the board. Each 
selection is recorded and the chip replaced in 
the plastic container before the next chip is 
drawn. Scores are determined from a scoring 
key which assigns a value of 3, 2, 1, or 0 for 
each selection according to the closeness of 
the match. 


In the present study most of the subjects 
were given the test under daylight conditions. 
In so far as was possible, a bright day but with- 
out direct exposure to sunlight was chosen. 
However, a few took the test under four 100 
watt daylight bulbs. Also, Ouellette’s 28 sub- 
jects between 75 and 85 years of age were in- 
cluded, and these took the test under controlled 
light conditions—a 100 watt Macbeth lamp on 
each side of the board and a 200 watt Macbeth 
lamp at the top of the board in a darkened 
room. However, since comparison of these sub- 
jects with those who took the test under the 
less controlled daylight conditions showed prac- 
tically identical scores for similar age groups, 
it is believed that the procedure is defensible 
for practical purposes. 
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Taste |, Bartriett’s Test oF HOMOGENEITY. 


Group Level of Significance of Heterogeneity 
Sex ; = 63 
Color. . ; -25 
Age...... : 7 


RESULTS AND DISCUSSION 


Starting at the age 10, subjects were grouped 
according to sex and age decade with the ex- 
ception of the highest age group, which in- 
cluded individuals both in the eighties and the 
nineties. 

Each individual was then scored for his per- 
formance on blue, red, green, and yellow and 
for his total performance. However, as the 
weighted scoring system does not yield the 
same total possible score for each color, raw 
scores were converted into percentages and are 
thus presented for the sake of uniformity. 

Since perusal of the scores for each decade 
suggested differences between the groups, and 
since Bartlett’s test of homogeneity showed the 
sex, color, and age groups to be homogeneous 
within themselves (see table 1), an analysis of 
variance was carried out in order to determine 
what proportion of the differences was due to 
age, sex, and color. 

Analysis of variance: Table 2 reveals that the 
age groups show differences in scores which are 
reliable at the .01 level of confidence. 

The colors likewise show score differences 
which are reliable at the .01 level of confidence. 

Sex differences as a whole are reliable only at 
the .05 level of confidence, but interactions of 
sex and age and sex and color show differences 
reliable at the .01 level of confidence. 


Tasie 2. ANALYsIS OF VARIANCE. 





| Degrees | | 
Sourceof | Sumof | of | Estimate} F | Level of 
Variance Squares | Freedom/of Variance} Ratio | Significance 
| | | 
cE ete : x —| : i 
Age... | 95451 | 7 | 18037 | 65.56 01 
Sex | 1,802 | 1 | 1,802 | 6.25 05 
Tests... | 39,288 3 | 13,004 | 62.95 01 
Age X Sex....| 26,048 7 3,721 | 17.89 01 
Age X Tests..| 22,977 a1 | 1,004 | 5.26 pl 
Sex X Tests | 4,712 | 3 1871 | 7.85 o1 
—_ _ _ |—_—_——_-- -- —__—- | —— en 
| 189,773 | 42 
Total | 476,604 | 1,419 | 
Residual | | 208 | | 


286,921 | 1,377 
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Within the age groups, there are also signifi- 
cantly reliable differences (.01 level of confi- 
dence) between performances on the separate 
colors. 

Color scores for sex and age groups: Table 3 
shows the means and standard deviations of the 
male, female, and total individuals at each 
decade for blue, red, green, yellow, and total 
color score. As can be seen from this table, all 
scores, with the exception of yellow, which 
shows a slight rise in the forties, tend to show 
an initial rise from the 10 to 19 decade to reach 
a peak in the twenties and then to show a 
fairly steady decline to the oldest age group. 
Figure | depicts the age decline graphically and 
shows also more clearly the superiority at all 
ages of yellow and red over green and blue. 
It will be noted that the curves of decline are 
similar in form to those found on most other 
abilities studied. In order to learn something 
more about the sex, color, and age differences 


Tasie 3. Scores FOR 


Blue Red 

Age Number 
Mean 8.D. Mean 
F 26 48.3 13.76 56.9 
10-19 M 20 49.3 16.29 48.5 
Total 46 48.8 15.19 53.2 
F 26 59.0 11.25 57.8 
20-29 M 24 59.6 9.13 60.2 
Total 50 59.3 16.27 59.0 
F 26 53.7 17.12 59.0 
30-39 M19 50.8 15.80 54.8 
Total 45 52.4 16.35 57.2 
F 26 48.8 18.28 60.7 
40-49 M 24 47.6 12.18 50.2 
Total 50 48.2 15.76 55.7 
F 26 47.8 13.20 59.5 
50-59 M 24 43.8 17.66 50.9 
Total 50 45.9 15.49 55.4 
F 21 35.4 18.64 2.7 
60-69 M 19 33.3 15.68 55.4 
Total 40 34.3 23.42 54.0 
F 25 36.5 15.22 54.1 
70-79 M il 31.2 12.52 36.4 
Total 36 34.9 14.83 48.7 
F 19 29.8 15.33 37.6 
80-89 M 19 27.9 15.38 41.9 
Total 38 28.8 15.19 39.7 
F 195 45.74 16.81 55.47 
Total M 160 44.25 17.62 50.80 
Total 355 45.07 18.93 53.67 
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indicated by the analysis of variance and shown 
by the mean scores, the reliability of these dif- 
ferences was determined. 

Table 4 shows the reliability of the sex dif- 
ferences found at each decade and for the total 
groups for each color and for total color score, 
From this it can be seen that the females are 
superior to the males in total color score at 
the .05 level of confidence. However, the fe- 
males do not score significantly higher than the 
males on all colors nor at all decades of life. No 
one decade of life shows significant sex differ- 
ences on any one color, although the total fe- 
male group is superior to the total male group 
at the .01 level of confidence in ability to dif- 
ferentiate shades of red and at the .05 level of 
confidence in ability to differentiate shades of 
green. Also, the females attain higher total 
color scores than the males at the 10 to 19 
decade (.05 level of confidence), at 40 decade 
(.02 level of confidence) and at the 70 decade 


Ace, Sex, AND CoLor. 


Green Yellow Total Score 
8.D. Men 8D. |Mean SD, |Mean SD. 
16.75 | 86.0 ‘13.87 63.0 15.36 | 56.08 8.51 
11.45 | 50.6 12.81 54.0 13.33 50.21 7.87 
15.57 | 83.7 13.94 50.1 15.47 | 83.53 «8.70 
14.94 54.1 15.85 | 87.44.14 57.20 10.28 
13.84 58.0 12.87 | 62.6 = 15.10 | 59.50 9.90 
14.52 | 56.9 14.52 | 59.9 15.11 58.35 10.13 
14.41 55.1 18.75 =| 60.1 14.41 57.44 10.96 
16.04 51.7 16.27 | 87.5 13.80 | 83.19 10.84 
15.16 | 53.6 17.74 59.0 14.15 55.65 11.05 
13.20 | 55.4 = 16.38 =| 62.7 12.25 =| 86.87 10.05 
15.17 | 44.6 16.85 | 58.2 18.60 © | 49.95 8.00 
15.55 | 50.2 17.49 | 60.6 15.38 53.55 10.08 
| 

13.34 47.0 16.56 «=| 52.1 «14.49 —| 80.64 ~— 10.72 
13.47 | 45.3 «18.97 | 86.3 15.04 49.07 10.42 
14.11 46.1 15.46 | 54.1 14.95 49.89 10.35 
22.68 =| 39.5 16.61 48.1 16.42 44.07 10.42 
12.01 39.9 17.71 50.1 17.18 =| 44.08 8.36 
13.91 39.6 16.76 =| 40.1 14.19 44.07 14.19 
17.74 38.0 13.51 45.4 16.46 | 43.49 10.04 
20.42 «| 21.1 «12.48 «| 88.7 12.00 =| 31.107! 
20.47 | 32.8 «15.80 =| 42.4 = 16.13 | 39.70 11.87 
14.91 26.2 13.00 | 35.0 14.55 | 82.12 10.08 
11.94 26.5 17.13 | 36.3 14.89 | 33.15 10.50 
13.42 | 26.4 14.92 | 35.7 14.45 | 32.64 10.11 
16.12 =| 47.9 16.82 53.8 16.72 | 80.56 12.7 
14.87 | 44.0 = 17.78 =| 82.9 ~— ‘18.67 47.68 12.12 
17.35 | 46.1 6.28 | 53.4 18.26 
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(.01 level of confidence). No other significant 
sex differences are found. No explanation can 
be offered for the superiority of the female sex 
at some age levels and not at others, but it is 
possible that their superiority in matching reds 
and greens may be due to the greater incidence 
of undetected red-green color weakness among 
males. 


Disregarding sex, table 5 shows the signifi- 
cance of the differences between the scores at 
the various age levels. From this it can be seen 
that the 10 decade is inferior to the 20 decade 
on all scores, and shows no significantly relia- 
ble superiority over the other age groups until 
the 50 decade is reached, when the superiority 
is significant at the .01 level of confidence and 
remains so throughout the remaining decades 
of life. In considering the separate colors, the 
10 decade is superior to the 50 decade only in 
ability to differentiate shades of green (.02 level 
of confidence) but is superior to the 60 decade 
and beyond at the .01 level of confidence in 
ability to distinguish shades of blue, green, and 
yellow and superior only to the 80 decade in 
ability to differentiate shades of red. This is 
in keeping with the findings of Chapanis (2), 
Cook (3) and Smith (7) that up to age 15 chil- 
dren do not perform as well as adults on color 
tests. Although the reason for this is not cer- 
tain, it seems likely that it may be due to a de- 
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Fig. 1. Age changes in color matching scores. 
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TABLE 4. SIGNIFICANCE OF DIFFERENCES BETWEEN SCORES 
oF Sexes aT Various AGE LEVELS. 











| } 
Levels of Confidence | Blue Red Green | Yellow | Total 
10-19 F>M .05 
20-29 
30-39 
40-49 .02 
50-59 
60-69 
70-79 01 
80 + 
Tea..... ‘ | 01 .05 -05 











velopmental factor. The 20 decade shows total 
color matching scores which are significantly 
better than those of all decades with the excep- 
tion of the 30 decade. As for separate colors, 
the 20 decade is superior to the 30 decade only 
in ability to differentiate shades of blue (.05 
level of confidence) but superior to all other 
decades (.01 level of confidence) in ability to 
differentiate shades of this color. On red, the 
twenties perform better than the tens but only 
at the .10 level of confidence and better than 


TaBLe 5. SIGNIFICANCE OF DIFFERENCES BETWEEN SCORES 
AT Various AGE LEVELS. 








| | 
Levels of Confidence Blue Red | Green Yellow | Total 
10-19> 50-59 |} 02 | 01 
60-69 1 | Zz aa 01 
70-79 01 | .O1 | OL OL 
80+ | a a ae | ol 01 
| 
| | 
20-29> 10 ih Ml .02 
30 05 | 
40 1 | | 10 .02 
50 01 01 10 01 
60,70,80} 01 | OL | .O1 01 01 
30-39> 50 .05 .05 02 
60 1 | 01 -02 01 
7 01 | .05 01 01 01 
80 01 01 01 01 01 
40-49> 50 .05 -10 
60 01 01 01 01 
70 01 -10 01 01 01 
80+ 01 01 01 01 01 
| 
50-59> 60 01 10 .05 
7 01 -10 01 01 01 
80+ 01 01 01 01 01 
60-69> 70 .10 -10 
80+ M4: ae mM) 
70-79> 80+ -10 .05 .10 -10 | 01 
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the sixties and beyond at the .01 level of con- 
fidence. They perform better than the forties, 
but only at the .10 level, on green, but do 
better on this color at the .01 level at all dec- 
ades from 50 on. Likewise, they perform better 
on yellow at all ages beyond sixty (.01 level) 
but only at the .10 level for the 50 year group. 

The thirties attain significantly higher total 
color scores and scores in blue and green than 
all ages from 50 upwards, They are better than 
all from age 60 on in yellow and from age 70 
on in red. 

The forties are better than the fifties, but 
only at the .10 level of confidence, in total color 
score and at the .05 level of confidence in 
ability to differentiate shades of yellow. They 
are better, at the .01 level of confidence, than 
all ages from 60 upwards in total color scores 
and in ability to distinguish reds, greens, and 
yellows. Their superiority in red reaches only 
a .10 level of confidence at age 70 and a .01 
at the eighties. 

The fifties give better performance than those 
60 and older on the color test as a whole and 
on the blues, and to a lesser extent (.10 level) 
on the greens but only attain reliably better 
scores than the seventies and eighties on red 
and yellow. The sixties do a little better than 
the seventies (.10 level of confidence) on the 
greens and yellows but show statistically re- 
liable differences only when compared with the 
eighties in total score and in reds, greens, and 
yellows. 

The seventies are better than those 80 and 
older on all color scores, although the differ- 
ences in blue, green, and yellow are reliable 
only at the .10 level of confidence. Roughly 
speaking then, we might say that the results 
indicate that the ability to match colors de- 
velops in childhood to reach a peak in the 
twenties and from then on shows a gradual and 
steady decline to old age. Although the de- 
cline is steady, it is gradual so that the differ- 
ences between adjacent decades are generally 
not statistically reliable; it is only when a dec- 
ade intervenes that the results assume statisti- 
cal reliability. Just what effect visual acuity 
has on these results is not known, but in view 
of the fact that practically all subjects of the 
40 decade and beyond wear corrective lenses, 
it is reasonable to believe that there is some re- 
lationship between the two or at least that some 
common factor of aging is operating to lower 
efficiency in all visual functions. However, it 


must be noted that there were some individuals 
with known poor visual acuity who performed 
relatively well on the color test. 


These findings do not support the contention 
of Ouellette (5) that no one color decreases in 
efficiency more rapidly than any other color, 
Rather, they are in accord with the findings re- 
ported by Chapanis (2) that there is a more 
rapid decline in ability to discriminate blue. 
Ability to discriminate shades of green likewise 
shows a relatively rapid decline with age, 
whereas the decline of ability to discriminate 
yellow and red (particularly the latter) seems 
to be less precipitous. To this writer also it 
seems reasonable to attribute this to the filter- 
ing effect of the progressive yellowing of the 
lens with advancing age. Practical implications 
of these findings for color workers in the in- 
dustrial field might be made. In the first place, 
Tiffin’s suggestion (8) that because of the de- 
cline of this ability with age, it would be de- 
sirable for workers in the color field to have an 
initial excess of ability to discriminate colors is 
a good one. Also in addition to the initial selec- 
tion of efficient color matchers, it would be de- 
sirable to periodically check the efficiency of 
workers in this field, particularly those who 
work with blue and greens. It is not yet known 
definitely what part continued practice might 
play in the maintenance of efficiency of ability 
to match colors, but certainly the fact that the 
ability in general does decline with age should 
be considered. 

Variability. No statistically reliable sex dif- 
ferences in variability are found at any age 
level or in any specific color, although there is 
some tendency (significant at the .10 level of 
confidence) for the men to be more variable 
than the women in their ability to match colors 
at ages 70 and 80. 


There is a tendency for the 60 year old group 
to be more variable in their total scores on the 
color test than younger age groups. This 
greater variability is reliable at the .01 level of 
confidence when compared with those in the 
10 to 19 year decade of life, at the .02 level 
when compared with 40 year olds, at the .05 
level when compared with 20 and 50 year olds, 
and at the .10 level when compared with 30 
year olds. The 70 year olds also show some- 
what greater variability than the 10 year olds 
(.10 level of confidence). 


A similar tendency is found for the 60 year 
olds to show greater variability in their ability 
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to differentiate shades of blue, this difference 
being reliable at the .05 level of confidence for 
the 10, 20, and 30 year groups, at the .02 level 
for the 40, 50, and 80 year groups, and at the 
01 level for the 70 year group. 

The 70 year group shows greater variability 
than other age groups in the differentiation of 
shades of red, this difference being reliable at 
the .05 level of confidence when compared with 
20, 50, 60, and 80 year olds and at the .10 level 
when compared with 10, 30, and 40 year olds. 

There are no other statistically reliable dif- 
ferences in variability between age groups al- 
though it must be noted that all groups show 
wide individual variation in ability to match 
colors whether this ability be considered in. gen- 
eral or in regard to specific colors. 


SUMMARY 

In order to determine age changes which oc- 
cur in male and female subjects in color match- 
ing, 355 unselected subjects (180 males and 
195 females) between the ages of 10 and 93 
were given the Color Aptitude Test. Subjects 
were grouped according to sex and decade of 
life, with the exception of the 80 and 90 year 
olds, who were treated as one group, and their 
mean total color scores and mean scores on 
blue, red, green, and yellow compared. 

Results showed a rise in separate and total 
color scores from the first decade (10 to 19 year 


group) to the twenties with a subsequent 

steady decline. 

Shades of blue and green proved to be more 
difficult to discriminate between than shades 
of yeilow and red at all ages, and the ability 
to discriminate between these shades likewise 
showed a more rapid decline with age. 

At all ages, but particularly in the sixties, 
wide individual differences were found in abil- 
ity to match colors. Females showed an incon- 
sistent tendency to score better than males at 
certain decades of life and also on certain 
colors. 
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THE ATTITUDES OF SPECIAL GROUPS TOWARD THE 
EMPLOYMENT OF OLDER PERSONS 


WAYNE K, KIRCHNER, Ph,D,* 
(From the University of Minnesota, Minneapolis) 


One factor of importance in the field of aging 
is the attitude held by various groups who deal 
with older workers toward the actual employ- 
ment of such workers, Yet a review of the vast 
array of psychologic literature related to aging 
indicates that little can be found on this spe- 
cific topic, For example, Tuckman and Lorge 
(5, 6, 7, 8) have analyzed attitudes of graduate 
and under-graduate students and retired work- 
ers, both institutionalized and non-institution- 
alized, toward older workers, ‘Thomas and Os- 
borne (4) have interviewed employers in Eng- 
land about their favorableness toward older 
employees, while the Bureau of National Af- 
fairs (1) has reported the opinion of their em- 
ployer panel on certain aspects of older em- 
ployee’s performance, 

In general, however, a large gap exists in the 
specific problem of attitudes toward employ- 
ment of older persons, particularly those held 
by persons who presumably are nearest these 
older persons, Probably the only attempt to 
measure directly these attitudes toward employ- 
ment by means of an attitude scale has been 
made by Kirchner, Lindbom, and Paterson (3). 
In this study, a specific scale was developed and 
applied in many situations, 

The present paper constitutes an extension of 
this past work, Responses of such varied groups 
as personnel people and supervisory trainees 
are shown, 

METHOD 

The 24 item attitude scale, measuring atti- 
tudes toward employment of older persons, 
which was developed in earlier studies (3) was 
given to 7 different groups over a two-year 
period, either by mail or by group testing. Basic 
information for the various samples is given 
below. 

1) Old Age Psychologists: This group was 
made up of 93 psychologists from Division 20, 
Maturity and Old Age, of the American Psy- 
chological Association, Presumably these were 
people with a major interest in gerontology, 
and they were selected for that reason. 


Submitted for publication July 29, 1956, 
* Present address; Minnesota Mining & Manufacturing Company, 
St. Paul, Minnesota, 


2) Experimental Psychologists; Sample size 
for this group of psychologists from Division 3, 
Experimental, of the American Psychological 
Association was 82, This group was postulated 
to have little interest in problems of older em- 
ployees and was selected as a contrast to other 
groups of psychologists, 

3) Minnesota Psychologists; This group rep- 
resents a more general section of psychologists 
with interests in all fields of psychology, All 
195 were members of the Minnesota Psycholog- 
ical Association, 

4) Vocational Guidance Workers; These 98 
people were members of the Minneapolis Voca- 
tional Guidance Association, Their basic inter- 
est lay in guidance work, where many or all 
had occasion to counsel older workers and job 
applicants, 

5) Supervisory Trainees: Supervisors or near 
supervisors enrolled in night extension courses 
in effective supervision made up this sample 
(N 120). These persons either supervised 
older persons directly or worked side-by-side 
with them, 

6) Nationwide Personnel: A random sample 
(N 180) of personnel men and women 
throughout the U. S, was selected from a com- 
prehensive list developed by the Industrial Re- 
lations Center at the University of Minnesota, 
Personnel people who deal directly in selection 
of employees would have close contacts with 
older employees. 

7) Twin City Personnel: A local group ol 
personnel people were selected from the Minne- 
apolis - St. Paul area (N 85). Selection of 
this group was for the same reason as the na- 
tional group, and also added local color to the 
study, 

Six of the 7 groups were surveyed by mail; 
one group (supervisory trainees) was tested di- 
rectly. Of the mail surveys, the percentage of 
responses, including follow-ups, was as follows; 


Old Age Psychologists 92% 
Experimental Psychologists 83% 
Minnesota Psychologists 91% 
Vocational Guidance Workers 60% 
Nationwide Personnel 71% 
Twin City Personnel 82% 
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Taste |. 


empresa 


Responses or Seven Groups to 24 Irems 


Measurinc Atrirupes Towarp EMPLOYMENT OF 


Oxper Persons (PERCENTAGE). 


1. I think older employees have fewer accidents on the job, 


2. Most companies are unfair to older employees, 
BA 


4. Older employees are harder to train for jobs, 
BA 


0, A, Poy. 
Exper. Pay. 
Minn, Pay. 
Voe, Guid, 
Bupervis, 
Nat, Pers, 
T, C, Pers 


0, A. Pay. 
Exper, Pay 
Minn, Pay, 
Voe, Guid, 
Supervis, 

Nat, Pers 

T, C, Pers, 


0, A, Pay. 
Exper, Pay. 
Minn, Pay, 
Voe, Guid, 
Supervis, 
Nat, Pere 
T. C, Pers 


BA 


4, Older employees are absent more often than younger employees (under 


~ 


age 30), 


0. A, Pay, 
Exper, Pay. 
Minn. Pay, 
Voe, Guid 
Supervis 
Nat, Pers 
T. C, Pers, 


BA 


Younger people (under age 30) act too smart nowadays, 


0, A. Pay. 
Exper, Pay 
Minn, Pay, 
Voe, Guid, 
Supervis. 

Nat, Pers, 
T. C, Pers 


SA 


A U D BD* 
18 44 44 3 0 
6 43 41 10 0 
5 55 28 13 9 
6 50 al 13 0 
10 58 14 18 0 9 
iy 63 yy 18 1 
1 57 20 22 0 
A U D BD 
M 44 24 24 1 
2 30 44 21 2 
6 23 28 4 2 
3 23 28 46 0 
2 17 17 55 ss 
2 6 11 64 17 
4 6 16 60 14 10 
A U D 8D 
3 43 19 32 1 
4 39 28 36 4 
1 48 15 33 3 
1 34 18 40 3 
7 45 12 43 2 
3 45 14 36 2 
2 46 20 27 5 
11 
A U D 8D 
0 5 13 5A 27 
0 4 35 45 15 
0 3 14 59 24 
0 5 5 63 23 
2 21 19 50 x 
4 18 15 57 4 
4 21 10 62 4 
12. 
A U D 8D 
3 14 12 54 17 
0 10 10 51 21 
2 % 10 67 13 
3 y s 66 13 
2 21 19 50 s 
4 18 15 57 4 
4 21 10 62 4 


Younger employees (under 30) usually have more serious accidents than 


older employees, 


0, A, Pay, 
Exper, Pay. 
Minn, Pay, 
Voe, Guid, 
Supervis, 
Nat, Pers, 
T. C, Pers, 


In a case where two people can do a job about the 


person for the job, 


0, A. Pay, 
Exper, Pay. 
Minn, Pay, 
Voe, Guid, 
Supervis, 
Nat, Pers, 
T. ©, Pers, . 


SA 


3 
1 
3 


> = ew 


BA 


3 


ot to 


A 
39 
17 
30 
30 
44 
41 
22 


A 
34 
16 
27 
20 


a 


U D 8D 
40 24 4 
68 12 1 
44 21 2 
30 27 3 
23 28 2 
22 32 2 
37 33 4 


same, I'd pick the older 


4 
U D 58D 
37 25 1 
50 32 0 
44 26 1 
47 27 2 
29 34 5 
27 31 1 
31 38 3 


8, 
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I think that Social Security payments are too small, 

BA A U D 
O, A. Pay... 29 49 13 s 
Exper, Pay, 24 43 22 7 
Minn. Pay. 25 43 17 14 
Voe, Guid, 4 46 18 16 
Supervis, 12 31 4 32 
Nat, Pers, 12 36 16 31 
T. C, Pera... 12 37 9 40 


. The older employees usually turn out work of higher quality. 


BA A U D 
O, A, Pay, 2 47 41 10 
Exper, Pay..., 4 22 54 20 
Minn, Pay, 3 40 37 20 
Voe. Guid, 3 47 21 28 
Supervis, 6 56 11 26 
Nat. Pers, 5 56 13 24 
T. C, Pers, 1 48 19 31 


. I think that older employees are more grouchy on the job 


SA A U D 
0, A. Pay, 0 17 33 48 
Exper, Pay. 1 11 38 41 
Minn, Pay. 1 16 18 59 
Voe. Guid, 0 17 15 62 
Supervis, 5 28 15 46 
Nat. Pers, 1 21 15 60 
T. C. Pers... 0 21 15 60 


. 1 believe that older people cooperate more on the job. 

SA A U D 
O. A. Pay.... 1 12 48 y 
Exper. Psy. 0 29 46 24 
Minn. Pay. 4 40 34 22 
Voe, Guid. 1 45 35 19 
Supervise... . 4 45 17 35 
Nat. Pers, 2 61 18 19 
T. C. Pers. 1 46 26 26 


13. Older people seem to be happier on the job. 

SA A U D 
O. A. Pay. ’ 0 37 48 14 
Exper, Pay.... 0 26 57 17 
Minn. Pay. 4 38 39 19 
Voe, Guid, 3 36 37 24 
Supervis, : 7 55 13 26 
Nat. Pers, 3 57 19 21 
T. C. Pers. 6 43 21 30 


. I feel that older people are more dependable. 


SA A v D 
0, A. Pay. : 15 65 15 5 
Exper. Pay. 6 55 30 9 
Minn, Pay. ; 9 61 21 8 
Voe. Guid. - 5 62 16 16 
Supervis. you 12 66 7 16 
Nat. Pers, ll 71 12 6 
T. C, Pers. ‘ : 6 67 10 17 
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. Occupational diseases are more likely to oceur among younger employees 
(those under age 30), 
SA A U D 
O, A, Pay, 1 6 32 49 
Exper, Pay. 1 6 44 32 
Minn. Pay. 0 9 27 53 
Voe, Guid, 0 y 30 50 
Supervis. 1 13 23 51 
Nat, Pers, 0 15 22 54 
T. C. Pers, 0 10 35 42 
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15, Most older people cannot keep up with the speed needed in modern 
industry, 


BA A U Dd sD 
©, A, Pay, 2 25 26 45 2 
Exper, Pay, 2 17 44 38 4 
Minn, Pay, 1 10 18 56 5 
Voo, Guid, 1 18 18 58 4 
Supervis, 5 a4 0 57 4 
Nat, Pers, 1 26 15 55 2 
T. C, Pers, 1 22 20 ‘Ma 1 


16, Supervisors find it hard to get older people to adopt new methoda on 

the job, 

BA A U D aD 
0, A, Pay, 1 WW 28 bl l 
Exper, Pay, 1 41 ds 1) 0 
Minn, Pay 2 48 23 20 ! 
Voe, Guid, 1 40 18 40 1 
Supervia, 0 40 15 23 2 
Nat, Pera, 1 53 10 a1 1 
T, C, Pers 5 65 “4 16 0 


17, Older people should get higher wages for their jobs, 


SA A U Dd AD 
0, A, Pay 1 i 20 4a 0 
Exper, Pay 1 17 BH] 43 6 
Minn, Pay, 2 12 24 55 s 
Voo, Guid 0 6 17 66 10 
Supervis, 2 10 Il 62 15 
Nat, Pers 0 8 6 73 18 
T, C, Pore, 1 7 12 63 16 

18. You'll find that the employees who are moat loyal to the company are the 

older employees 

SA A ( Dd sD 
0, A, Pay, 12 48 20 10 | 
Exper, Pay, 1 46 43 ” 0 
Minn, Pay N 48 27 15 1 
Vooe, Guid 5 4M 23 21 1 
Supervia, il 50 8 27 2 
Nat, Pers, 0 5) 4 17 0 
T. C, Pers, : 10 46 17 25 2 


19, Older people are too set in their ways—they don't want to change. 


SA A U dD 8D 
O, A, Pay, 0 37 27 a4 2 
Exper, Pay, 2 a7 a0 30 1 
Minn, Pay, 1 25 28 44 2 
Voe, Guid, 0 22 22 82 3 
Supervis, s 44 13 31 2 
Nat, Pers. 2 45 ll 41 1 
T. C, Pera, 4 43 17 35 1 


20, I think older employees have as much ability to learn new methods as 
other employees, 


SA A U D 8D 
©, A, Pay, . 5 7 17 28 1 
Exper, Pay, 0 32 22 87 1 
Minn, Pay. 4 52 12 $l 1 
Voe, Guid, 8 67 7 2 1 
Supervis, 2 63 7 22 4 
Nat, Pers,. . 1 50 il 20 1 
T. C, Pers, - 2 54 12 30 1 

21, T think companies should train middle-aged employees (those aged 35-50) 

to handle many different jobs, 

BA A U D 8D 
O, A, Pay, . 13 51 30 6 0 
Exper, Pay....... hae 45 30 10 1 
Minn, Pay. ore 12 54 24 9 1 
Voo, Guid, ; 80 ” 60 23 7 0 
Supervia, SS 7 52 17 20 2 
Nat, Pers, ks 10 61 16 12 1 
T. C, Pers, 9 56 20 16 0 


22. I think that older employees make better employees, 


BA A U dD aD 
O, A, Pay 5 42 h4 0 0 
Vixper, Pay 0 18 62 20 0 
Minn, Pay 4 BL) Bt) 18 0 
Voe, Guid I 34 40 a4 0 
Supervis 2 3s 19 36 2 
Nat, Pors 2 44 23 20 1 
T. C, Pers 1 25 48 26 0 


23. I think that most younger people are too radical in their ideas 


BA A U Dd SD 
0, A, Pay, 3 4 5 él M4 
Exper, Pay, 0 0 15 iy) 32 
Minn, Pay 8 2 5 60 2 
Voe, Guid 0 7 7 62 23 
Super vis 0 12 16 61 10 
Nat. Perv 1 s 16 69 6 
T. C, Pers 1 ” 10 59 Ht 


24, Pay should be based on length of service rather than on what a person 
does (how long a person has worked in a company should count more than 
the amount of work he turns out), 


BA A U Dd 8D 
0, A, Pay. 0 l 13 60 26 
Exper, Pay 0 5 20 i 22 
Minn, Pay, 1 5 13 55 6 
Voe, Guid, 0 4 i) 56 2 
Supervis 0 2 5 bi 40 
Nat, Pers, 1 0 2 1 51 
T. C, Pers 1 1 1 a7 59 


*SA = Strongly Agree; A == Agree; U = Undecided; D = Dis 
agree; SD == Strongly Disagree, 

No significant differences in responses were 
found between replies to the first mailing and 
replies to follow-ups in these samples. All re- 
plies within each group were summarized as a 
whole, The total number of usable replies for 
all 6 groups was 853. 


RESULTS AND DISCUSSION 

Table | shows the distribution of responses 
made on each item to each of 5 possible choices 
ranging from Strongly Agree to Strongly Dis- 
agree. The following facts seem apparent. 

1, Psychologists, as represented by the 3 psy- 
chologist groups and the vocational guidance 
workers, are much more undecided in their re- 
sponse than the 3 non-psychologist groups. On 
every item except numbers 5 and 23, the psy- 
chologists have a greater percentage of unde- 
cided responses. The statistical significance of 
such differences is shown in table 2. Of the 22 
items that showed greater undecided responses 
for psychologists, 17 of these differences are 
significant at the 5% level of confidence: One 
hypothesis for these results is that psychologists, 
by and large, may be more sophisticated as far 
as attitude questionnaries go and thus tend to 
avoid agreeing or disagreeing with generalized 
statements. Items 1, 10, 12, and 13 in particular 
show large differences in the percentage of un- 
decided responses used for psychologists and 
non-psychologists. 
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2. Both groups, psychologists and non-psy- 
chologists, tend to avoid the extreme responses, 
Strongly Agree or Strongly Disagree. On only 
10 of the 24 items, can percentage figures of 
10 per cent or greater be found for these ex- 
tremes; figures of 20 per cent and above can 
be found on only 5 of the 24 items. The great- 
est use of an extreme response is found on item 
24 (Pay should be based on length of service 
rather than on what a person does). There is 
a high degree of use of the category, Strongly 
Disagree (from 22 per cent to 59 per cent), 
One probable interpretation is that none of 
these attitudes as reflected by the items are held 
very fervently and that the ego-involvement of 
the persons sampled in these problems is not 
great, 

3. Over-all analysis of each item is a diffi- 
cult matter. There is general agreement that 
older persons have fewer accidents on the job 
(item |), cooperate more on the job (item 12), 
are more dependable (item 14), and are most 
loyal to the company (item 18). On the other 
hand, there is also general agreement that 
older employees are harder to train for jobs 
(item 3), cannot keep up with the speed needed 
in modern industry (item 15), and should not 
get higher wages for their jobs (item 17). Items, 
however. show wide variation in percentage re- 


Taste 2. Averace DisrrisuTion or “UNpEcIpED” Re- 
SPONSES FOR PsYCHOLOGISTs AND NON-PSYCHOLOGISTS 
ror THE 24 AtrirupE IremMs (PERCENTAGE), 


Non- Signifieance* 
Ttem No,  Paychologists psychologists Difference at 5°), Level 
1 32 13 19 Yes 
2 30 4 16 Yes 
3 19 15 4 No 
4 16 15 1 No 
5 10 15 5 No 
6 46 26 20 Yes 
7 44 28 16 Yes 
s 17 14 3 No 
Q 30 25 5 No 
10 37 14 23 Yes 
i 24 16 8 Yes 
12 39 19 20 Yes 
13 44 18 26 Yes 
4 20 10 10 Yes 
15 a4 4 10 Yes 
16 27 12 15 Yes 
7 25 a) 16 Yes 
18 29 13 16 Yes 
19 27 13 14 Yes 
20 4 10 4 No 
21 26 17 9 Yes 
22 46 27 19 Yes 
23 8 7 — § Yes 
4 13 3 10 Yes 


* Significance of differences was determined by means of Zubin’s 
tables (9), 


sponses (see item 16). Certainly the concept 
of individual differences is shown well. 

4. Responses of old age psychologists do not 
differ very greatly from those of other psygholo- 
gists. There is a tendency, however, for, their 
replies to be more favorable toward enjploy- 
ment of older persons than those of jother 
groups. 

5. The sample of experimental psychologists 
uses the undecided response much more} than 
the other samples. On 20 of the 24 items, ex- 
perimental psychologists favor the und¢cided 
response more than the other participating 
groups. This probably reflects a don’t know or 
don’t care attitude rather than a true neutral 
position on each item, For example, Dunnette, 
Uphoff, and Aylward (2) have shown that 
lack of information significantly increases the 
use of the undecided response on a union scale. 
This group, in a sense, is somewhat set aside 
from the problems of old age and should be 
lacking in information and/or interest about 
aging. 

6. The biggest difference between psycholo- 
gists and non-psychologists occurs on item 2 
(Most companies are unfair to older employ- 
ees). The percentage of the responses in each 
category for both large groups is shown below: 

a Avy. = 
Psychologists 5 aD SS l 
Non-psychologists 3 10 14 60 13 
The differences between both groups on Agree, 
Undecided, Disagree, and Strongly Disagree 
responses are statistically significant. There 
is a suspicion that personnel people believe 
there is a direct reference to themselves in this 
item and hence are strongly defensive. On 
other items there is no suggestion of either great 
antagonism or great liking for older employees. 
In many cases non-psychologists are more fa- 
vorable toward the older employees than the 
old age psychologists (i.e., item 20—I think 
older employees have as much ability to learn 
new methods as other employees). Likewise 
they are apt to be more unfavorable (i.e., item 
16—Supervisors find it hard to get other per- 
sons to adopt new methods on the job). No 
consistent pattern emerges. 





SUMMARY 
Responses of 7 different groups (N = 853) 
to each of 24 attitude items measuring the at- 


° For explanation of the abbreviations, see footnote to table 1. 
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titude toward employment of older persons 
have been shown. All groups tend to avoid ex- 
treme responses; psychologists use the unde- 
cided response to a much larger degree than 
non-psychologists. Psychologists who have 
stated interests in old age problems tend to be 
more favorable in attitude than other groups. 
Psychologists whose basic interest is in experi- 
mental psychology are less extreme in responses 
and somewhat more unfavorable in attitude. 
Psychologists who have varying interests seem 
to be more favorable. However, differences are 
not great and vary widely from item to item. 
For non-psychologists, replies are roughly neu- 
tral. 

Over-all there seems to be no great like or 
dislike for employment of older persons, which 
may reflect the fact that the items are not par- 
ticularly ego-involved for any group. In one 
instance where an item seems directly ego- 
involved to a group, there is a strong feeling on 
the question. 

The results may stem also from the large 
amount of psychologic training that most of 
these respondents have received with the pre- 
sumed stress on recognition of individual dif- 
ferences. 


uw 
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Book Reviews 


FIVE HUNDRED OVER SIXTY, a Community Survey 
of Aging, by Bernard Kutner and David Fanshel, Alice 
M. Togo, and Thomas S. Langner. Russell Sage Founda- 
tion, New York, 1956, 345 pages, $4.00. 


In many respects this is the best of the growing num- 
ber of so-called community surveys of older people to 
emerge from the rapidly developing interest in this age 
group. Actually the report is a partial—yet comprehen- 
sive and detailed—analysis of extensive questionnaire 
data gathered from a stratified sample of 500 men and 
women aged 60 years and above drawn from a popula- 
tion comprised of more than a quarter of a million peo- 
ple living in the 409 block area served by the Kips 
Bay-Yorkville Health Center of New York City. This 
district of Manhattan contains in addition to spectacular 
buildings a closely packed population exceedingly varied 
in socio-economic condition and ethnic origin, 

A compelling desire to know better how to serve the 
tremendous number of elderly people in this section 
prompted the study. The interdisciplinary research 
team organized for this purpose directed its attention 
toward four specific problems: 

(1) personal adjustment, 

(2) factors affecting or affected by health, 

(3) the use of community health services, 

(4) attitudes toward health and social centers. 


The object of the research was to uncover information 
useful in guiding the development of service programs 
for older people. The establishment of the Adult Coun- 
seling Center by the Health Center as a direct outgrowth 
of the study concretely demonstrates the value of the 
investigation, 

The authors do much to clarify the complex inter- 
relationships between various motivational factors which 
affect the utilization of public and private health and 
other services available to older people in the commu- 
nity. An important contribution of the study is the 
reasonable demonstration that no one type of health 
service will have universal appeal to older people. Thus 
the controversial question of the advisability of age 
specific geriatric clinics is answered by pointing out 
that they are highly acceptable to some and rejected by 
others. To be effective health services must be attractive 
to oldsters. This in turn requires that attention be paid 
to the multiple motivational factors which influence 
use and acceptance of the service. 

The study raises many questions and suggests many 
answers with varying degrees of success, Future workers 
in the field should go over this report carefully so as 
to plan their research better to answer questions un- 
answerable by the data of the present study. Thus 
future surveys carried on within a well defined concep- 
tual framework should produce a systematically increas- 
ing body of knowledge upon which can be built power- 
ful action programs directed toward the amelioration of 
age associated problems. 


ROBERT W. KLEEMEIER, Ph.D., Director, 


The Moosehaven Research Laboratory 
Orange Park, Florida 


PSYCHOLOGICAL ASPECTS OF AGING, | PRO- 
CEEDINGS OF A CONFERENCE ON PLANNING 
RESEARCH, John E. Anderson, Editor, American Psy- 
chological Association, Washington, D. C., 1996, 323 
pages, $2.00, 


This well-edited book contains a uniquely brofid, but 
integrated, survey of gerontologic research and jjresents 
a wealth of excellent proposals and hypothefes for 
future research, It is particularly this latter }feature 
which makes this volume purposeful and timely. 





The conference was organized into five symposia with 
representatives from many disciplines: 


1. “Assessment of adjustment to the environment” 
with discussions by Robert Havighurst, Jack Wein- 
berg, Raymond Kuhlen, William E. Henry, and 
Robert Peck, 

2. “Genetic, environmental, psychological, and biolog- 
ical methods” with papers by John E. Anderson, 

John B. Calhoun, Franz Kallmann, Eugene Strei- 
cher, James Birren, and Robert Kleemeier. 

. “Perception and Intellect” presented by Harold E. 
Jones, Ivan Mensch, Oscar Kaplan, Nancy Bayley, 
and William A. Owens. 

4. “Learning, Motivation and Education” outlined by 
Herbert Conrad, Martin Loeb, Wayne Dennis, 
Sidney Pressey, Wilma Donahue, and Irving Lorge. 

. “Functional Efficiency, Skills and Employment” by 
Ross McFarland, Milton Barron, Charles Odell, 

Josef BroZek, and Nathan Shock. 


Ww 


uw 


Each section was introduced and later integrated by 
one person. These are worth while and move beyond 
the usual banal role often taken by discussants who 
merely reiterate what has occurred. Perhaps the over-all 
high quality of this volume reflects not only the effects 
of getting a group of active and competent research 
workers together, but also is the result of careful plan- 
ning which seemingly gave each contributor a focussed 
role for his participation. The planning committee 
consisted of James Birren, Robert Havighurst, Harold 
E. Jones, and John E. Anderson. 


In addition to the individual papers, three appended 
sections will be of value to those in or contemplating 
research in aging. There is a summary of the confer- 
ences by the editor, John E. Anderson, who gave his 
presentation a novel twist by covering past, current, and 
proposed research at an equivalent grammatical tense, 
giving the reader an over-all view without the distraction 
of shifts in tense between literature references, work 
currently in progress, and ideas which emerged in the 
conference discussions. There follows a survey of current 
aging research by James Birren, a set of rating scales 
for assessing social adjustment in adult and _ later 
maturity by Robert Havighurst, and an extensive refer- 
ence list compiled from the papers of the entire volume. 
The conference was opened by an address by J. H. 
Sheldon, of England, the retiring President of the Inter- 
national Association of Gerontology, who viewed the 
social and mental life of the aged person by analyzing 
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his own cogent and strikingly clever clinical observations 
on the problems of the decline in postural skill in old 
age. 

This report contains many ideas that can be of use 
to those contemplating research or engaged in care and 
management problems and is especially stimulating be- 
cause of the varied approaches and disciplines of the 
participants, 

MARGARET THALER, Ph.D. 
Walter Reed Army Institute of Research 
Washington, D, C, 


ORGANIZED HOME MEDICAL CARE IN NEW 
YORK CITY, A Study of 19 Programs by the Hospital 
Council of Greater New York, Published for the Com- 
monwealth Fund by Harvard University Press, Cam- 
bridge, Massachusetts, 1956, 538 pages, $8.00, 


Nearly 49 per cent of the more than 2,000 persons 
who at the time of this Study received organized home 
medical care in New York City were 65 years of age 
and older, The periods of care at home averaged well 
over one year. These few figures may suffice to show 
the significance of organized home care in medical 
programs for the aged and to indicate the interest that 
this first comprehensive review and evaluation of home 
care programs has for the readers of the Journal of 
Gerontology. 

Conducted by the Hospital Council of Greater New 
York, a coordinating and planning agency, the Study 
goes, both in the analysis of present and in the recom- 
mendations for future programs, far beyond the descrip- 
tion of such services; it extends into over-all community 
planning by defining the role of home care in integrated 
medical care programs. 

The ad hoc appointed Study staff successfully com- 
bined the skills of a physician—Dr. Peter Rogatz— 
and a sociologist—Guido Crocetti—, technically advised 
by a statistical consultant, Dr. John E. Silson, Most of 
the wealth of information that the book provides in its 
text and in numerous tables was secured by consultation 
of members of the professional team of each of the 19 
programs and by interviews of a generous sample of 
patients and their families. The recommendations, 
sound and useful since based on evaluation of, and 
conclusions from, present experiences, cover a wide area, 
including such administrative measures as staff com- 
position, qualification of individual staff members, 
methods of referral and evaluation of patients, and 
record keeping. This reviewer considered as most sig- 
nificant one of the basic recommendations which stipu- 
lates that home medical care should be operated within 
the context of total medical care, preferably in associa- 
tion with a general hospital. The comprehensive, ex- 
tremely carefully prepared bibliography, calls for par- 
ticular commendation. 

Although the Study deals, primarily, with home care 
services in New York City, the findings definitely are 


of general interest and the recommendations apply to 
communities anywhere, It is fortunate indeed that this 
thorough and detailed Study becomes available at a 
time when large numbers of agencies and communities 
have to cope with the problem of adequate medical 
care programs for the increasing number of aged people 
with chronic diseases, ‘The Greater New York Hospital 
Council’s timely publication will be of substantial help 
and guidance to many of them, 


MARTA FRAENKEL, M.D. 
New York City Department of Hospitals 


BOOKS RECEIVED 


Care of the Long-Term Patient, Chronic Illness in the 
United States, Volume II, Harvard University Press, 
1956, 606 pages, $8.50. 

Economie Status of the Aged, by Peter O, Steiner and 
Robert Dorfman, University of California Press, 
Berkeley, 1957, 296 pages, $5.00. 

Flexible Retirement, Evolving Policies and Programs for 
Industry and Labor, edited by Geneva Mathiasen, 
G. P. Putnam’s Sons, New York, 1957, 226 pages. 

New Jersey Old Age Study Commission, a_ Positive 
Policy Toward Aging, Senator Walter H. Jones, 
Chairman, 1957, 217 pages, paper bound, 

Organized Home Medical Care in New York City, a 
Study of Nineteen Programs by the Hospital Council 
of Greater New York, Harvard University Press, 1956, 
538 pages, $8.00 (reviewed in this issue, page 222), 

Retirement, a New Way of Life, a Guide to the Later 
Years, by Eugene Friedmann, University of Wisconsin 
Extension Division Publication, 1956, 41 pages, paper 
bound, 50 cents. 

Studies of the Aged and Aging, Selected Documents. 
Vol, V, Public and Private Services for Older Peo 
ple: Rehabilitation, Housing and Living Arrange 
ments, Education, and Community Services, Nov., 
1956, 161 pages. Vol. VI, Care of the Aging by the 
Veterans’ Administration, Nov., 1956, 92 pages. Vol. 
VII, Guide to Significant Publications, Nov., 1956, 
242 pages. Vol. IX, Research, Demonstration and 
Training, Dec., 1956, 157 pages. Compiled by the 
staff of the Committee on Labor and Public Welfare, 
United States Senate, U. S. Government Printing 
Office, Washington, D, C, 

Summary of Federal Legislation Relating to Older Per- 
sons, Dec., 1956, 34 pages, prepared by the Committee 
on Labor and Public Welfare, United States Senate, 
by the Legislative Reference Service, Library of Con- 
gress, U. S. Government Printing Office, Washington, 
DS. 

Toward Good Housing for the Aged, selected articles 
from the Journal of Housing, NAHRO reprints, 1956, 
National Association of Housing and Redevelopment 
Officials, 1313 East 60 St., Chicago 37, IIl., 40 pages, 
paper bound, $1.00, 
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Gerontological Society, Inc. Officers for 1957 
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Dr. W. Andrew Mr. B. L. Grossman Dr. W. B. Kountz 
Bowman Gray School of Medicine 6140 Drexel Avenue 5600 Arsenal Street 
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Reports from Foreign Correspondents 


ITALIAN CONTRIBUTIONS TO GERONTOLOGY 
GIORGIO MARS 


Research and investigations in the domain of geron- 
tology started officially in Italy in 1950 and went on 
continuously, increasing especially in the last three years, 
relative to the ever-increasing number of elderly people 
in the population in general and in the institutions for 
care of the sick in particular. 

At the beginning of 1954 a National Meeting of 
Gerontology was held in Rome, and on that occasion 
Antonietti and Scopinaro (Genova) examined in detail 
the problems relating to endocrinology in old age, while 
Daddi (Milan) summarized the views of the authorita- 
tive schools of phthisiology in Italy about the clinical 
and sociologic aspects of senile tuberculosis. 

Later on, the Lombard Section of the Italian Society 
of Gerontology was founded in Milan with Professor 
Melli (medical pathologist of Milan), as its president. 

A delegation presided over by Professor Greppi 
(medical clinician of Florence) carried the contributions 
of the Italian Schools to the 3rd International Congress 
on Gerontology in London, illustrating especially the 
metabolic aspects of senile pathology; while the partici- 
pation of famous foreign clinicians gave particular im- 
portance to the Symposium on Senescence of the Osteo- 
articular System, which was held in Salsomaggiore. 

In 1955 the Ministry of Public Education approved 
the institution of a lectureship on Gerontology and 
Geriatrics at the University of Florence, and Professor 
Greppi, President of the Italian Gerontological Society, 
was entrusted with the new charge. 


The 5th National Meeting on Gerontology was held 
in Turin, before which reports were read from Bastai 
(biological fundaments of senescence), Favilli and 
Manganotti (senescence of the cutaneous system), Malan 
(surgery in the elderly), De Gironcoli (prostate and 
senility), and Pellegrini (insurance and senility). 

Among the many other manifestations, it is worth 
while mentioning the foundation of the Emilian Section 
of the Italian Society of Gerontology, whose chair was 
taken by Sotgiu (medical clinician of Bologna). The 
“Geriatric Week” saw at Verona scientists from all parts 
of Italy, who discussed problems concerning geriatrics, 


with special regard to some senile dysendocrinisms and 
to physiocrenotherapy of the affections in senescence. 

In 1956 the Italian Parliament and Senate ratified 
the extension of sanitary and social assistance to the 
elderly and retired, which provision represents at least 
a partial solution to the complex and delicate problems 
of geriatric assistance, 

Sotgiu’s report (Bologna) on physiopathology of the 
digestive system in old age and Patrassi’s report (Padua) 
on physiopathology of the liver in advanced age formed 
the fulcrum of the Geriatric Days held at Montecatini. 
Then at Florence a course of lectures was delivered by 
the most distinguished lecturers of the local University 
for the purpose of reporting the latest advances in the 
fields of gerontology and geriatrics. 

During the meeting of the Lombard Section of the 
Italian Gerontological Society the following subjects 
were discussed; the aspecific antihyaluronidase principle 
of serum in elderly people (Mars and Castellani), senile 
diabetes (Greppi), and quinidine therapy of atrial myo- 
cardial-coronarosclerotic fibrillation (Morpurgo and 
Mars). 

Finally at the 6th National Meeting held in Naples, 
Pietrantoni (Milan) and Arslan (Padua) discussed 
conditions of the auditory system in the elderly, Coppo 
(Modena) the vitamin therapy in advanced age, and 
Patrono (Rome) hormone therapy in senescence and 
senility. There was also a special participant honoring 
the meeting, Stepp, from the Medical Clinic of Miinchen, 
who illustrated the relationship between nutrition and 
aging. 

Italy is now preparing to receive the 4th International 
Congress of Gerontology that will be held at Merano 
and Venice in July, 1957, in which the most distin- 
guished scientists from all over the world have by now 
announced their participation. At Merano different sub- 
jects such as the various aspects of senescence of cardio- 
vascular, respiratory, and endocrine systems will be dis- 
cussed, besides the problems of the rehabilitation of 
chronic patients and many other topics. At Venice the 
Congress will devote particular attention to the medical 
and social aspects of nervous diseases in aging. 
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INDEX TO CURRENT PERIODICAL LITERATURE 


NATHAN W. SHOCK 
Gerontology Branch 
National Heart Institute 
National Institutes of Health 
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HE SUBJECT categories are those in A Classified Bibliography of Gerontology and Geriatrics 

by Nathan W. Shock published by Stanford University Press, Stanford, California, (1951). 
Only major headings are used and the Roman numerals correspond to those given in the bibliog- 
raphy. In so far as possible, references are classified according to organ system. Thus, most of 
the material on Geriatrics will be found under the organ system involved in the disease. Cross 
references are indicated by number at the end of each section. When available, abstract references 
are given (B.A.—Biological Abstracts: P.A.—Psychological Abstracts, and P.I1—Population Index). 
Abbreviations for journals are those used in A World List of Scientific Periodicals Published in the 
years 1900-1933, 2nd Edition. For journals not listed, abbreviations were devised according to the 
general rules used in the above source. It is impossible to cover all journals and list all papers 
concerned with aging and the aged. Authors and publishers are requested to call attention to 
publications or to send reprints to the Gerontology Branch, Baltimore City Hospitals, Baltimore 24, 
Maryland. The assistance of the Forest Park Foundation, Peoria, Illinois, in the preparation of 


these materials is gratefully acknowledged. 


GERONTOLOGY 


Belt, E.: Leonardo da Vinci on “The hard teeth 
of the years.” Gen. Practice, 19: (4), 1956. 
Ibid., (11), 1956. 

Birren, J. E.: Psychological limitations that oc- 
cur with age. Publ. Hlth. Rep., Wash., 71: 
1173-1178, 1956. 

Bloom, F.: Geriatrics. In: H. P. Hoskins, J. 
V. Lacroix and K. Mayer (Editors), Canine 
Medicine. Amer. Veterinary Publ., Inc., Evan- 
ston, Ill., 1953. 

Bourne, G. H.: Physiological and cellular as- 
pects of ageing. Nature, Lond., 178: 839-840, 
1956. 

Bowne, R. F.: Gerontology. In: H. P. Hoskins, 
J. V. Lacroix and K. Mayer (Editors), Canine 
Medicine. Amer. Veterinary Publ., Inc., Evan- 
ston, Ill., 1953. Abstr: Z. Altersforsch., 10: 190- 
192, 1956. 

Burney, L. E.: Programs for the aged. Publ. 
Hlth. Rep., Wash., 71: 1168-1169, 1956. 

Craig, R. L. (Editor): Problems of ageing. Sym- 
posium presented at 28th Ann. Graduate Fort- 
night, N. Y. Acad. Med., New York, Oct. 10-21, 
1955, xiv, 221 pp. 

Eckerstrém, S.: Gerontologic activities in Swe- 
den. J. Geront., 12: 95-97, 1957. 

Ehrenberg, R.: Das Problem des Alterns. Na- 
turwissenschaften, 41: 296, 1954. Abstr: Z. 
Altersforsch., 10: 192, 1956. 

Falzone, J. A., Jr., and N. W. Shock: . Physio- 
logical limitations and age. Publ. Hlth. Rep., 
Wash., 71: 1185-1193, 1956. 

Frewin, O. W.: Gerontologic activities in Aus- 
tralia. J. Geront., 12: 93-94, 1957. 





Published on a grant to the Journal of Gerontology from the Forest 
Park Foundation. 


20142. 


20143. 


20144. 


20145. 


20146. 


20147. 


20148. 


20149. 


20150. 


20151. 


20152. 


20153. 


20154. 


Geill, T.: Gerontologic activities in Denmark. 
]. Geront., 12: 91-93, 1957. 

Gross, I. H.: Potentialities of women in the 
middle years. Michigan State Univ. Press, Lan- 
sing, 1956, xiv, 198 pp. 

Hodges, J. H.: Laboratory standards for older 
patients. Penn. med. J., 58: 1119, 1955. Abstr: 
]. Amer. geriat. Soc., 4: 1324, 1956. 

Jalavisto, E.: Gerontologic activities in Finland. 
]. Geront., 12: 90-91, 1957. 

Kountz, W. B.: Trends in gerontology. Publ. 
Hlth. Rep., Wash., 71: 1170-1172, 1956. 


Lascalea, M. C.: Gerontologic and _ geriatric 
activities in the Argentine Republic. J. Geront., 
12: 94-95, 1957. 

Madsen, St. Tschudi: (Outline of biology of 
age.) Sos. Arbeid, 27: 129-141, 1953. 

Mayr, G.: Determinazione e utilizzazione del 
fosforo 33, presente nel radiofosforo invecchiato. 
Tumori, 42: 411-418, 1956. 

Moore, J. E., H. H. Merritt, and R. J. Masselink 
(Editors): The neurologic and psychiatric as- 
pects of the disorders of aging. Williams & 
Wilkins Co., Baltimore, 1956, ix, 307 pp. 
Phillips, E. C.: What it means to be old. 
Canad. Nurse, 52: 611-616, 1956. 

Pope, F., W. Lunsford, and C. M. McCay: Ex- 
perimental prolongation of the life span. Res. 
Publ. Ass. nerv. ment. Dis., 35: (1955), 61-69, 
1956. 

Pringle, R. W., W. Turchinetz, B. L. Funt, and 
S. S. Danyluk: Radiocarbon age estimates ob- 
tained by an improved liquid scintillation tech- 
nique. Science, 125: 69-70, 1957. 

Radding, C. M., and G. Wald: The stability of 
rhodopsin and opsin; effects of pH and aging. 
]. gen. Physiol., 39: 923-933, 1956. 








228 


20155, 


20156, 


20157, 


20158, 


20159, 


20160, 


20161, 


20162, 


20165, 


20164, 


20165, 


20166, 


20167, 


20168, 


20169, 


20170, 


JOURNAL OF GERONTOLOGY 


Shock, N, W.; Progress in the field of geron- 
tology. New Outlook for Blind, 50; 343-351, 
1956, 

Shock, N, W,: Age changes in some physio- 
logic processes, Geriatrics, 12; 40-48, 1957, 
Stieglitz, E, J,: Impressions of Mexico; report 
on the Pan American gerontologic congress, 
Geriatrics, 11; 549-553, 1956, 

U, S, Senate, Committee on Labor and Public 
Welfare; Studies of the aged and aging: Fed 
eral and state activities, U, 8, Govt, Print, Of. 
fice, Washington, 1956, Selected Doc, Vol. L, 
xiv, 309 pp, 

U, S, Senate, Committee on Labor and Public 
Welfare: Studies of the aged and aging: Health 
and health services, U, S, Govt, Print, Office, 
Washington, 1956, Selected Doc, Vol, IL, xi, 
252 pp. 

U, S, Senate, Committee on Labor and Public 
Welfare; Studies of the aged and aging: Guide 
to significant publications, U, S, Govt, Print, 
Office, Washington, 1956, Selected Doc, Vol, 
VIL, vii, 242 pp. 

University of Michigan, Conference on Aging: 
Workshops and seminars, 
Wash., 71: 1203-1208, 1956, 
Washington, Federal-State Conference on Ag- 
ing: ‘Toward improved health for the aging. 


Publ, Hlth, Rep,, Wash,, 71; 1209-1212, 1956, 
Anonymous; Federal-state conference on prob- 
lems of the aging. Mon, Labor Rev,, 79; 1052- 
1054, 1956, 

Anonymous; First national directory of facili 
ties for the aging, 1956-1957, F, A, Riley & Co., 
San Antonio, 1956, 307 pp. 

Anonymous: I lavori del Symposium di Copen- 
hagen, Longevita 4; (5), 162-165, 1956, 


BIOLOGY OF AGING 


I, Ceiiunar BioLocy AND PHysioLocy 
(includes plants) 

Bourne, G,. H.: Ageing from a biological and 

cellular point of view. Chap, 2, in: W. Hobson 

(Editor), Modern Trends in Geriatrics, Butter- 

worth & Co,, Ltd,, London, 1956, pp, 22-49. 


Dyrbye, M., and J, E, Kirk: Mucopolysaccha- 
rides of human arterial tissue, I, Isolation of 
mucopolysaccharide material, J. Geront,, 12: 
20-22, 1957, 


Kirk, J. E., and M, Dyrbye: Mucopolysaccha- 
rides of human arterial tissue, II, Analysis of 
total isolated mucopolysaccharide material. ]. 
Geront,, 12; 23-31, 1957. 


Lansing, A, L: Biology of aging cells. Res. 
Publ, Ass, nerv, ment, Dis, 35; (1955), 1-7, 
1956, 

Ries, W.: Zur Altersabhiingigkeit der Kapillar- 
permeabilitiit. I, Mitteilung: Verhalten der 
Gesamteiweisswerte im Serum unter kiinstlicher 
Stauung (Landis-Verfahren). Z. Altersforsch., 
10; 153-159, 1956, 


Publ, Hlth, Rep. 


20171, 


20172, 


20173, 


20174, 


20175, 


20176. 


20177. 


20178, 


20179, 


20180, 


20181, 


20182. 


IV-C, 


Ries, W.; Zur Altersabhiingigkeit der Kapillar- 
permeabilitét, II, Mitteilung: Kapillarfiltrat und 
Eiweissverlust unter kiinstlicher Stauung (Lan- 
dis-Verfahren), Z, Altersforsch,, 10: 160-168, 
1956, 

See also Nos, 20134, 20169, 20241, 20260, 20284, 
20305, 20425, 


IV. LOonceviry 
(case reporis, drugs, heredity, marriage, 
occupation, and sex differences) 


Freudenberg, K.: Der Sterblichkeitsunterschied 
zwischen den Geschlechtern im 6, Lebensjahr- 
zehnt, Dtseh, med, ]., 7; 416-420, 1956, 
Metrop, Life Insur, Co.; The American hus- 
band, Statist, Bull, Metrop. Life Insur, Co,, 37: 
4-6, April 1956, Abstr: P. I, 22: No, 4239, 1956, 
Moriyama, I, M., and L, Guralnick: Occupa- 
tional and social class differences in mortality, 
In: Trends and Differentials in Mortality. Mil- 
bank Mem, Fund, New York, 1956, pp, 61-73. 
Abstr: P. I, 22: No, 4180, 1956, 

Parkhurst, E,: Differential mortality in New 
York State exclusive of New York City, by sex, 
age, and cause of death, according to degree of 
urbanization, Amer. ]. publ, Hlth,, 46; 959-965, 
1956, 

Valaoras, V. G.: Standard age and sex patterns 
of mortality. In; Trends and Differentials in 
Mortality. Milbank Mem, Fund, New York, 
1956, pp. 133-149, Abstr: P. I,, 22: No, 4178, 
1956, 

See also No, 20481, 


LonGcevity: Comparative Physiology 
Comfort, A.: Longevity and mortality of Irish 
wolfhounds, Proc, zool, Soc, Lond., 127; (Part 
1), 27-34, 1956, 

Cragg, J. B., and N. W, Pirie (Editors): The 
numbers of man and animals, A record of the 
symposium held on 24 and 25 September 1954 
by the Institute of Biology. Oliver and Boyd, 


Edinburgh, 1955, viii, 152 pp, Abstr: P. 1, 22: 


No, 4016, 1956, 

Kitts, W. D., P. J. Bandy, A, J. Wood, and 1. 
McT. Cowan: Effect of age and plane of nu- 
trition on the blood chemistry of the Columbia 
black-tailed deer, (Odocoileus hemionus colum 
bianus), Canad. ], Zool., 34: 477-484, 1956. 
Nasz, IL, and B. Lovas: Electronmicroscopic 
studies of the filtrates of aged Salmonella cul- 
tures, Acta microb, hung., 3; 383-390, 1956, 
Spector, W. S, (Editor): Handbook of biolog 
ical data. W. B. Saunders Co., Philadelphia 
and London, 1956, xxxvi, 584 pp. 

Szidat, L.: Uber den Entwicklungszyklus mit 
progenetischen Larvenstadien (Cercariaeen) yon 
Genarchella genarchella Travassos 1928 (Tre- 
matoda, Hemiuridae und die Méglichkeit einer 
hormonalen Beeinflussung der Parasiten durch 
ihre Wirtstiere, Z. Tropmed. Parasit., 7: 132- 
153, 1956, 

See also Nos, 20133, 20135, 20152, 20212, 20305. 





20 


20 


20 


20 


20 


20) 


20) 


20! 


201 


201 


201 


201 


201 


201 


201 


Kapillar- 
filtrat und 
ing (Lan- 

160-168, 


60, 20284, 


nterschied 
*bensjahr- 
6, 

ican hus- 
r, Co., 37: 
2°59, 1956, 
> Occupa- 
mortality, 
ility. Mil- 
pp. 61-73, 


in New 
y, by sex, 
degree of 
: 959-965, 


x patterns 
entials in 
ew York, 
No. 4178, 


ogy 
) of Trish 
27; (Part 


ws): The 
rd of the 
rber 1954 
nd Boyd, 
P. 1. 22 


d, and I, 
e of nu- 
Columbia 
is colum- 
1956, 
icroscopic 
nella cul- 
1956. 
f biolog: 
ladelphia 


klus mit 
een) von 
28 (Tre- 
ceit einer 
en durch 
, 7: 132- 


2, 20305. 





20183. 


20184, 


20185. 


20186. 


20187. 


20188 


20189, 


20190, 


20191. 


20192. 


20193. 


20194, 


20195. 


20196, 


20197, 


, 


Loncevity: Mortality Rates 


Belcher, J. C., and J, D, Tarver: Abridged Okla- 
homa life tables; 1949-1951. J. Okla, med, Ass., 
49: 10-16, 1956. Abstr: P. I., 22: No, 4170, 1956 


Coale, A. J.: The effect of declines in mortality 
on age distribution, In; Trends and Differen- 
tials in Mortality, Milbank Mem, ge New 
York, 1956, pp. 125-132. Abstr: P. 1, 22: No. 
4013, 1956 

Gitlitz, I: Morbidity and mortality in old age; 
a study of experience in a modern home for 
the aged, Part VI. J, Amer. geriat. Soc., 4 
1085-1104, 1956 

Marks, H. H.: Mortality among impaired lives. 
In: Trends and Differentials in Mortality. Mil- 
bank Mem, Fund, New York, 1956, pp. 98-121. 
Abstr: P, I, 22: No. 4156, 1956 

Metrop, Life Insur, Co,: Forty-five years of 
health progress. Statist. Bull, Metrop. Life In 
sur, Co., 37: 3-6, Nov. 1956, 

Moriyama, I. M.: Development of the present 
concept of cause of death. Amer, J, publ. Hlth., 
46; 436-441, 1956. Abstr: P. I, 22; No, 4189, 
1956 

Nowlin, P. W.: 
United States since 
15-18, Nov, 1956. 
Rédei, J.: (Differential mortality in capitalist 
countries.) Statist. Szemle, 34; 41-61, 1956, Ab- 
tr: P. 1, 22: No, 4182, 1956 

Smith, R. L., C. G. Salsbury, and A, G, Gil- 
liam: Recorded and expected mortality among 
the Navajo, with special reference to cancer, J. 
nat, Cancer Inst., 17: 77-89, 1956 

Spiegelman, M.: Recent trends and determi- 
nants of mortality in highly developed coun- 
tries, In: Trends and Differentials in Mor- 


IV-H, 


mortality in the 
Bull,, 19: 


Trend of 
1900. Soe. See. 


tality. Milbank Mem. Fund, New York, 1956, 
pp. 51-60, Abstr: P. I., 22: No. 4158, 1956. 


Stolnitz, G. J.: Comparison between some re- 
cent mortality trends in underdeveloped areas 
and historical trends in the West. In: Trends 
and Differentials in Mortality. Milbank Mem. 
Fund, New York, 1956, pp. 26-34. Abstr: P. 1, 
22: No. 4159, 1956 


United Nations. 
of vital statistics methods. 
New York, 1955, iv, 258 pp. 
U. S. Department of Health, Education and 
Welfare. Public Health Service, National Of- 
fice of Vita! Statistics: Vital statistics of the 
United States, 1954. Volume II. Mortality data. 
U. S. Govt. Print. Office, Washington, 1956, vi, 


Statistical Office: Handbook 
United Nations, 


506 pp. Abstr: P. I., 22: No. 4461, 1956. 
Valaoras, V. G.: Progress in mortality; a re- 


view of the last ten years. Démographe, —: 
(3), 43-47, 1956. Abstr: P. I., 22: No. 4160, 
1956. 

Anonymous: Longevity at new high. Sci. Digest, 
40: 50, Nov. 1956. 


See also Nos. 20471, 20544. 


INDEX TO CURRENT PERIODICAL LITERATURE 


20198, 


20199, 


20200, 


20201. 


20202. 


20203. 


20204. 


20205. 


20206. 


20207. 


20208. 


20209. 


20210. 


20211. 


20213. 


229 


IV-I. Lonceviry: National Groups 
Avignon, P. D., J. Lindahl, and H. Werneman: 
Causes of death. Acta med. scand., 154: (Suppl. 
316), 111-113, 1956. 
Chile. Servicio Nacional de Estadistica: Tabla 
abreviada de vida para 1952. Estadist. chil., 27: 
155-160, 1954. Abstr: P. I., 22: No. 4171, 1956. 
Cyprus, Secretariat. Statistics Section: Life table 
No, 2. In: Vital and Migration Statistics, 1953, 
Nicosia, 1954. Abstr: P. I., 22: No. 4172, 1956. 
Fog-Poulsen, M.: (Births and deaths in Green- 
land in 1954.) Ugesk. Laeg., 118: 456-460, 1956. 
Israel. Central Bureau of Statistics and Eco- 
nomic Research: Life tables of Jewish popula- 
tion; survivors out of 1,000 at given age (1950- 
1952); persons dying within five years out of 
1,000 persons of a given age (1950-1952). In: 
Statistical Abstracts of Israel 1952/1953. Jeru- 
salem, 1953, No. 4, p. 17. Abstr: P. 1, 22: No. 
4173, 1956. 
Italy. Centro di Documentazione: Durata della 
vita e cause di morte; con i quozienti degli 
ultimi anni; I’Italia é tra i paesi a pit basso 
livello di mortalita. Doe. a 6: 4173-4176, 
1956. Abstr: P. I, 22: No. 4155, 1956. 
Lenzi, R.: Il ritmo del movimento naturale nel 
Comune di Roma. Statistica, 15; 583-595, 1955 
Abstr: P. I., 22: No. 4029, 1956. 
Mauritius, Central Statistical Office: Life table 
of the population of Mauritius. The Office, 
Mauritius, 1952, 6 pp. Abstr: P. I., 22: No. 
4174, 1956. 
Metrop. Life Insur, Co,: Longevity in Canada 
at new high. Statist. Bull. Metrop. Life Insur. 
Co., 37: 6-8, Nov. 1956. 
Oberg, L.: (Mortality and causes of death in 
Gothenburg during the last half century.) Sven- 
ska Likartidn., 53: 2019-2035, 1956. 
Ohela, K.: (Statistical classification of diseases, 
injuries, and causes of death.) Suom. léddk. 
lehti, 11; 618-625, 1956. 
Sweden. Statistiska Centralbyran: 
for 1941-50.) The Office, Stockholm, 
69 pp. Abstr: P. I., 22: No. 4176, 1956 
Winfield, G. A.: Analysis of morbidity and 
mortality statistics, Treatment Services, Depart- 
ment of Veterans Affairs, | January-31 March, 
1955 (fourth fiscal quarter). Canad. Serv. med. 
]., 12: 631-645, 1956. 


(Life tables 
1954, ix, 


V. METABOLISM 
Ernster, L., and H. Léw: Reconstruction of 
oxidative phosphorylation in aged mitochon- 
drial systems. Exp. cell Res., —: (Suppl. 3), 
133-153, 1955 
Garcia, I, M. Tixier, and J. Roche: Sur les 
dérivés guanidiques présents chez les insectes 
aux différents stades de leur développement. 
C. R. Soc. Biol., Paris, 150; 321-324, 1956. 
Jordan, W. K., and R. March: Partition of 
adenosine triphosphatase in intracellular frac- 
tions of mature and immature rat cerebrum. 
]. Histochem. Cytochem., 4: 301-307, 1956. 
See also No. 20166. 








230 


20214, 


20216. 


20217. 


20218, 


20219, 


20220, 


20221. 


20222. 


20223. 


no 
is 
> 


20227, 


20228, 


JOURNAL OF GERONTOLOGY 


V. NutRITION 
Blumenthal, G. W.: Emotional aspects of feed- 
ing the aged. J. Amer, diet. Ass., 32: 829-831, 
1956. 
Brewer, W. D., M. E. Furnivall, A. Wagoner, 
J. Lee, B. Alsop, and M. A, Ohlson: Nutritional 
status of the aged in Michigan. J]. Amer. diet. 
Ass., 32: 810-815, 1956. 
Nichols, A. V., V. Dobbin, and J. W. Gof- 
man: Influence of dietary factors upon human 
serum lipoprotein concentrations. Geriatrics, 
12: 7-17, 1957. 
Pasqualicchio, A.; Possibilita concrete della pro- 
teinoterapia in geriatria. Acta geront., 6: 95-98, 
1956. Also in: Gior. Geront., 4: 548-551, 1956. 
Ramsay, A. G., S. A. Paul, and V. L. Troop: 
The vitamin C nutritional status and capillary 
fragility in chronic mental patients, J, Geront., 
12; 39-43, 1957. 
Ramseyer, W. F., C. A. H. Smith, and C. M. 
McCay: Effect of sodium fluoride administra- 
tion on body changes in old rats. |. Geront., 
12; 14-19, 1957. 
See also Nos, 20226, 20329, 20339, 20346, 20404. 


ORGAN SYSTEMS 


I. Boop 
Banchieri, G., and E, Cuzzato: La crasi ematica 
negli ultraottantenni. Gior. Geront., 4: 526- 
532, 1956. 
Casassa, P. M., and V. Prato: Funzionalita 
del midollo osseo e sindrome anemica dei 
vecchi. Acta geront., 6; 80-89, 1956. 
Combrisson-Le Bolloc’h, A., E. Cadet, and R. 
André: Utilisation du chrome 51 pour l'étude 
de la durée de vie et de la libération médullaire 
des hématies, C. R. Acad. Sci., Paris, 242: 2663- 
2665, 1956. 
Karvonen, M. J., J. Kihlberg, and A. Koskela: 
Statistical studies on the erythrocyte sedimenta- 
tion rate of healthy young adults. Scand. J. 
clin. lab. Invest., 8; 129-137, 1956. 
Strumia, M. M.: The life span of erythrocytes 
and their post-transfusion survival. Progr. He- 
matol,, 1: 74-90, 1956. 


I-A. Bioop: Chemistry 
Bianco, M.: Sulla misura mediata del pH del 
sangue fluente in vivo (pHe). III. Determina- 
zione del pHe in soggetti clinicamente sani. 
Boll. Soc. ital. Biol. sper., 32: 315-317, 1956. 
Burlina, A.: Il ricambio della vitamina C nel- 
Veta senile. Acta geront., 6: 71-79, 1956. 
Gaffney, G. W., A. Horonick, K. Okuda, P. 
Meier, B. Chow, and N. W. Shock: Vitamin 
Bis serum concentration in 528 apparently 
healthy human subjects of ages 12-94. J. 
Geront., 12: 32-38, 1957. 
Ghigliotti, G., U. Costa, F. Astengo, and L. 
Viale: Il quadro protidemico della vecchiaia. 
Gior. Geront., 4: 493-504, 1956. 


20229, 


20230, 


20231. 


20232, 


20233. 


20234. 


20235. 


20236. 


20237. 


20238. 


20239. 


20240. 


20241. 


Nikkilé, E. A., and T. Niemi: Effect of age on 
the lipemia clearing activity of serum after 
administration of heparin to human. subjects, 
]. Geront., 12; 44-47, 1957. 

Uebel, H.: Uber altersabhingige Verschiebun. 
gen der Serumeiweisskérper bei Wistarratten, 
Z. Altersforsch., 10: 149-152, 1956. 

Walker, G. R., E. H. Morse, and M. Potgieter: 
Serum cholesterol levels of young and of elderly 
women consuming an institution diet. J, Nu- 
trit., 60; 517-525, 1956. 
Zerman, A. M., and F. 
serica nei vecchi sani. 
525, 1956. 


See also Nos, 20179, 20216. 


Franca: L’eucolloidita 
Gior. Geront., 4: 519. 


III. CarptovascuLar System 


(blood vessels, blood pressure, hypertension, 
blood volume, veins, and arteriosclerosis) 


Blumenthal, H. T.: Response potentials of vas- 
cular tissues and the genesis of arteriosclerosis 
—a review. Part II, C. Hemodynamic factors, 
Geriatrics, 11: 554-568, 1956. 

Boyd, A. M.: Oral dibenyline in distal senile 
obliterative arteritis. Lancet, 2; 869-871, 1956. 
Abstr: Geriatrics, 12: 73-74, 1957. 

Busé, R., S. T. Olavarrieta, R. M. Suarez, J. 
Sabater, and R. M. Suarez, Jr.: Blood volume 
studies in healthy Puertoricans using radio- 
chromium. Bol. Asoc. méd. P. Rico, 48: 156- 
161, 1956, 

Doichinov, L.: (Limits of normal blood pres- 
sure in students.) Suvrem. med., 7: 52-60, 1956. 
Lingjaerde, O., C, L. Laane, and H. Strém: 
(The variation of blood pressure with age in 
schizophrenics.) Nord. Med., Stockholm, 43: 
167-171, 1950, 

Moyer, J. H., S. A. Kinard, P, K, Conner, and 
E. Dennis: Drug therapy of hypertension in the 
elderly patient. Geriatrics, 11; 527-542, 1956. 
Skelton, F. R., and J. Guillebeau: The influence 
of age on the development of adrenal-regen- 
eration hypertension. Endocrinology, 59: 201- 
212, 1956. 

Steyer, A.: Verlauf, Gestalt und Einbau der 
Vasa vasorum in der menschlichen Aorta. Z. 
Altersforsch., 10; 112-125, 1956. 

Waugh, D., A. J. Maximchuk, and J. R. Stuart: 
Age changes in composition of aorta of the rab- 
bit. Proc. Soc. exp. Biol., N. Y., 93: 197-200, 
1956. 

See also Nos. 20167, 20168, 20170, 20171, 20218, 
20378, 


IlI-G. Carpiovascuar System: Heart 


(heart, anatomy and physiology, heart disease, 
coronary artery disease, and myocardial disease) 


20242. 


Bellini, E.: Il circolo arterioso coronarico nelle 
glomerulonefriti diffuse croniche secondarie. 
Aspetti morfologici nell’eta senile. Gior; Ger- 
ont., 4: 544-547, 1956. 








20 


20 


2 


of age on 
erum after 
n_ subjects, 


rschiebun- 
istarratten, 


_ Potgieter: 
| of elderly 
et. ; Nu- 


ucolloidita 
t., 4: 519- 


ion, 
is) 


als of vas- 
riosclerosis 
lic factors, 


stal senile 
871, 1956. 


Suarez, J. 
id volume 
ng radio- 
48: 156- 


ood pres- 
-60, 1956. 
1. Strém: 
th age in 
vwolm, 43: 


nner, and 
on in the 
), 1956. 

influence 
:al-regen- 
59: 201- 


nbau der 
\orta. Z. 


x. Stuart: 
the rab- 
197-200, 


‘1, 20218, 


ease, 
pase ) 
ico nelle 


condarie. 
or, Ger- 








20243. 


20244. 


20245. 


20246. 


20247. 


20248. 


20249. 


20252. 


20253. 


20254. 


20255. 


20256. 


INDEX TO CURRENT PERIODICAL LITERATURE 


Camerini, F., and C. Protti: Indagine statistica 
sull’incidenza delle cardiopatie in una popo- 
lazione ospedaliera italiana. Rass. giuliana 
med., 12: 107-114, 1956. 

Honig, C. R., and S. M. Tenney: The aperiodic 
ballistocardiogram as a function of age. Amer. 
Heart J., 52: 343-351, 1956. 

Lee, K. T., and W. A. Thomas: Factors as- 
sociated with changing sex ratio of myocardial 
infarction; study with special reference to the 
disproportionate rise in incidence of the disease 
among older women. Arch. intern. Med., 98: 
80-83, 1956. 

Lorenze, E. J., J. S. Myers, E. L. Keenan, and 
L. B. Gutner: Cardiac rehabilitation in geri- 
atrics. J. Amer. geriat. Soc., 4: 1108-1120, 1956. 
McKain, W. C., Jr., and N. W. Ofslager: Heart 
disease and retirement in the Hartford stand- 
ard metropolitan area. Univ. Connecticut, 
Storrs Agric. Exper. Sta., Storrs, Conn., Sept. 
1956, Bull. #328, 35 pp. 

Simonson, E.: Principles for determination of 
electrocardiographic normal standards. Amer. 
Heart J., 52: 163-166, 1956. 

Wiesend, W.: Uber perorale Strophanthinbe- 
handlung, besonders beim Altersherz. Miinch. 
med. Wschr., 98: 900-904, 1956. 

See also Nos, 20344, 20345. 


ITV. Connective TissuE AND CARTILAGE 
Asboe-Hansen, G. (Editor): Connective tissue 
in health and disease. Philosophical Library, 
Inc., New York, 1956. 

Franceschini, M.: Ricerche sull-architettura del 
legamento interpubico nell’uomo, dalla puberta 
alla senilita. Anat. Anz., 103: 92-97, 1956. 
Otte, P.: Die Existenzbedingungen des Gelenk- 
knorpels; ein Beitrag zur Arthrosis-Forschung. 
Arch. orthop. Unfall-chir., 48: 154-158, 1956. 


V. Enpocrine System 
(includes sex glands and climacteric) 
Baranov, V. T.: On the evolution of age 
changes, climax and climacteric neurosis. Pak- 
istan ]. Hlth., 5: 109-118, 1955. 
Daly, J. J.: Adrenal adenomata in elderly dia- 
betics. Lancet, 2: 710-711, 1956. Abstr: Ger- 
iatrics, 12: 73, 1957. 
De Moraes, A.: Os tratamentos hormonais dos 
distirbios do climatério feminino. An. brasil. 
Ginec., 41: 261-280, 1956. 
Foix, A., and M. W. Moll: El endometrio te- 


langiectasico en la post-menopausia. Obstet. 
gin. lat.-amer., 14: 63-68, 1956. 
Hecht-Lucari, G., and G. Atlante: O sintoma 
hemorragia genital na menopausa feminina. 
Acta gyn. obst. hisp. lusit., 5: 131-147, 1956. 
Hopkins, P.: The climacteric in general prac- 
tice. Med. World, Lond., 85: 119-128, 1956. 


Israel, S. L., and L. L. Weber: Postmenopausal 
bleeding. West. J]. Surg., 64: 515-519, 1956. 


20260. 


20261. 


20262. 


20263. 


20264. 


20266. 


20267. 


20268. 


20269. 


20270. 


20271. 


20272. 


20273. 


20274. 


20275. 


20276. 


20277. 


20278. 


20279. 


231 


Jayne, E. P.: Histochemical and degenerative 
changes in the adrenal cortex of the rat with 
age. J. Geront., 12: 1-8, 1957. 

Kirk, J. E.: Hypogonadism in middle-aged and 
elderly men. Postgrad. Med., 20; 324-331, 1956. 
Abstr: Geriatrics, 12: 74, 1957. 

Labandibar, B., and L. I. Benzecry: Artropatias 
de la menopausia. Sem. méd., B. Aires, 108: 
824-829, 1956. 

Masters, W. H.: The present status of the es- 
trogen-androgen replacement experiments. Miss. 
Valley med. ]., 78: 177-178, 1956. 

Moulonguet, P., H. Hartmann, and L. Gasne: 
Endométriome utérin postménopausique; tumeur 
végétante de l’ovaire. Bull. Féd. soc. gyn. obst. 
fr., 6: 596-598, 1954. 

Nevinny-Stickel, J., and K. H. Bruntsch: Uber 
iatrogene Blutungen in der spateren Menopause 
durch Oestrogen-Gaben. Arztl. Wschr., 11: 771- 
776, 1956. 

Peterlin, F.: Contributo sul BZ °55 nel diabete 
degli anziana. Gior. Geront., 4: 552-557, 1956. 
Ruiz, V., and L. I. Benzecry: El endometrio en 
la metrorragia funcional del climaterio. Ob- 
stet. gin. lat.-amer., 14: 126-133, 1956. 
Sandberg, A. A., K. Eik-Nes, C. J. Migeon, and 
L. T. Samuels: Metabolism of adrenal steroids 
in dying patients. J. clin. Endocrinol. & Metab., 
16: 1001-1016, 1956. 

Sardi, J. L., and L. A. Arrighi: Las metrorragias 
de la post menopausia; 4 propdsito de 596 
observaciones. Bol. Soc. chil. Obstet. Ginec., 
20: 170-178, 1955. 

Schubert, R., H. Peters, and H. Deuter: Ger- 
ontologische Besonderheiten des Diabetes mel- 
litus. Z. Altersforsch., 10: 101-112, 1956. 

Sega, S., and L. Bonazzi: Aumento della che- 
tosteroiduria da fenilacetato. Gior Geront., 4: 
539-543, 1956. 

White, S. M.: Practical treatment of hypo- 
thyroidism in the elderly patient. Geriatrics, 
12: 60-61, 1957. 

Yagizawa, T.: The follicular pattern in the thy- 
roid gland of maturing and mature mammals. 
Okajimas Folia anat. japon., 29: 93-115, 1956. 


VI. Gasrro-INTEsTINAL TRACT 
Carr, D.: Intrathoracic emergencies in the aged. 
Geriatrics, 12: 1-6, 1957. 
Patrassi, G., and A. Ruol: Spunti di fisiopatolo- 
gia del fegato nell’eta senile. Rif. med., 70: 785- 
786, 1956. 
Ruol, A., and P. Avogaro: Aspetti clinici della 
cirrosi epatica nei vecchi. Gior. Geront., 4: 
558-562, 1956. 
Schancke, K.: Gastroduodenal ulceration in old 
age. Acta chir. scand., 104: 227, 1952. 
Schubert, R., and H. Peters: Das Magen- und 
Zwolffingerdarmgeschwiir in seinen Beziehun- 
gen zum Altern. Dtsch. med. Wschr., 81: 1151- 
1153, 1956. 
Zimmerman, K.: Constipation in the aged. 
Penn. med. J., 59: 1158-1160, 1956. 








232 


20280. 


20281. 


20282, 


20283. 


20284. 


20285. 


20286. 


20287. 


20288. 


20289. 


20290. 


20291. 


20292. 


20293. 


20294. 


20295. 


20296. 


JOURNAL OF GERONTOLOGY 


VII. Kinney 
Uhlmann, W.: Uber einen biologischen Alters- 
test auf der Grundlage der Totalclearance- 
methodik mit Paraaminohippursiiure (PAH). 
Z. Altersforsch., 10; 137-149, 1956. 


X. Nervous System 
(neurology ) 


Abély, X., P. Guiraud, —. Doutriaux, —. Le- 
claire, and —. Nicolas-Charles: Démence ar- 
térioscléreuse ayant simulée une maladie de 
Pick. Ann med.-psychol., 114, 1: 816-821, 1956. 
Arend, R.: (Clinical aspects and therapy of 
cerebral arteriosclerosis of apoplexy.) Polsk. 
Tygod. lek., 11: 584-591, 1956. 

Bedford, P. D.: Some clinical consequences of 
cerebral anoxia. J. Amer. geriat. Soc., 4; 1063- 
1072, 1956. 

Botar, J.: Qualitative und quantitative Unter- 
suchung der Nervenzellen des Ganglion coeli- 
acum im Alter. Acta anat., Basel, 28; 157-206, 
1956. 

Brandt, W., and G. Brandt: Zur Behandlung 
des Parkinsonsyndroms. Dtsch. med. Wschr., 
81: 1013-1014, 1956. 

Brodal, A.: On the anatomy and pathogenesis 
of cortical brain atrophies. Acta psychiat. neur. 
scand., —: (74), 140-163, 1951. 

Buck, J. F., and I. S. Cooper: Speech problems 
in Parkinsonian patients undergoing anterior 
choroidal artery occlusion or chemopallidec- 
tomy. J. Amer. geriat. Soc., 4: 1285-1290, 1956. 
Busch, E., and B. de F. Olivarius: Intracranial 
tumors in patients above age 60. Acta psychiat. 
neur, scand,, —: (Suppl. 108), 79-85, 1956. 
Cardenas, J.: Nota preliminar sobre el resultado 
del tratamiento quirtirgico del Parkinsonismo. 
Gac, méd. Méx., 85: 703-719, 1955. 
Cohen, H.: Parkinsonism. Trans. 
Lond., 72: 48-63, 1956. 

Cooper, I. S.: Clinical results and follow-up 
studies in a personal series of 300 operations 
for Parkinsonism. J. Amer. geriat. Soc., 4: 1171- 
1181, 1956. 

Dalsgaard-Nielsen, T.; Some clinical experi- 
ence in the treatment of cerebral apoplexy 
(1000 cases). Acta psychiat. neur. scand., —: 
(Supp. 108), 101-119, 1956. 

Delacato, C. H.: Hemiplegia and concomitant 
psychological phenomena. Amer. J. occup. Ther., 
10: 157, 1956. 

De Risio, C., G. Tonini, and G. Inesi: Studio 
elettroforetico delle proteine liquorali in quat- 
tro casi di atrofia cerebrale di diversa natura. 
Boll. Soc. ital. Biol. sper., 32: 214-217, 1956. 
Diller, L., and M. Riklan: Psychosocial factors 
in Parkinson’s disease. |. Amer. geriat. Soc., 4: 
1291-1300, 1956. 

Diller, L., M. Riklan, and Z. Laszewski: Effects 
of anterior choroidal artery occlusion and of 
chemopallidectomy on the tremor and rigidity 
of Parkinson’s disease; an independent ap- 
praisal. ]. Amer. geriat. Soc., 4: 1246-1248, 1956. 


med, Soc. 


20297. 


20298. 


20299. 


20300, 


20301, 


20302. 


20303. 


20304, 


20305. 


20306. 


20307. 


20308. 


20309. 


20310. 


20311. 


20312. 


Diller, L., M. Riklan, and J. Wood: Follow-up 
study of the results of anterior choroidal artery 
occlusion and subtemporal chemopallidectomy 
in Parkinson’s disease; an independent ap- 
praisal. J. Amer. geriat. Soc., 4: 1249-1257, 1956, 
Dunn, J., Jr., and J. W. Kernohan: Histologic 
changes within the choroid plexus of the lateral 
ventricle; their relation to age. Proc. Staff Meet, 
Mayo Clin., 30: 607, 1955. Abstr: J. Amer, 
geriat, Soc., 4: 1322, 1956. 

England, A. C., Jr., and R. S. Schwab: Post- 
operative medical evaluation of 26 selected pa- 
tients with Parkinson’s disease. ]. Amer. geriat. 
Soc., 4: 1219,1232, 1956. 

Fairman, D., and R. S. Schwab: A graphic 
method for evaluation of Parkinsonian patients 
under treatment. J]. Amer. geriat. Soc., 4: 1240- 
1245, 1956. 

Fiebach, P.: Gefahren der Kehlkopfstenose bei 
alteren Menschen; histologische Untersuchun- 
gen am Gehirn. Z Laryng., 35: 406-411, 1956. 
Foley, J. M.: Hypertensive and arteriosclerotic 
vascular disease of the brain in the elderly. 
Res. Publ. Ass. nerv. ment. Dis., 35: (1955), 
171-197, 1956. 

Gianniotti, G., F. Giberti, and S. Spizzirri: 
Primi risultati di nuove terapie nel morbo di 
Parkinson e Parkinsonismi; attivita terapeutiche 
del 3-fenil-b-dietilamino-etil-2-6-diossi-piperidin- 
cloridrato somministrato isolatamente ed_ in 
associazione con reserpina e ritalin; nota pre- 
ventiva. Gaz. med. ital., 115: 71-74, 1956. 

in der 
med. 


Gianoli, A. C.: Cortison und Prednison 
Behandlung der Hemiplegie. Schweiz. 
Wschr., 86: 1025-1028, 1956. 

Himwich, W. A., and H. E. Himwich: 
composition during the whole life span. 
atrics, 12: 19-27, 1957. 

Howell, D. A., J. G. Stratford, and J. Posnikoff: 
Prolonged hypothermia in treatment of mas- 
sive cerebral haemorrhage; a preliminary re- 
port. Canad. med. Ass. ]., 75: 388-394, 1956. 
Hullay, J.: (New aspects of surgery in Parkin- 
sonian tremor.) Ideg. szemle, 8: 1-5, 1955. 
Kammerer, T., L. Israel, and A. Wackenheim: 
L’E.E.G, de l’atrophie cérébrale chez les mal- 
ades mentaux; étude de 70 cas. Cah. psychiat., 
—: (11), 55-71, 1956. 

Kanigowski, Z.: (Etiology of Parkinsonism.) 
Polsk. Tygod. lek., 11: 531-535, 1956. 

Keller, H.: Akineton, ein neues Mittel zur Be- 
handlung des Parkinson-Syndroms; zugleich ein 
Beitrag zur objektiven Wirkungskontrolle. 
Mschr. Psychiat., Basel, 132: 13-23, 1956. 
Lange-Nilsen, Fr.: (Apoplexia—a _ clinical dif- 
ferentiation of the subgroups “thrombosis,” 
hemorrhage and embolism.) Tidssk. norske 
LaegeForen., 73: 44-46, 1953. 

Laszewski, Z.: Role of the department of re- 
habilitation in preoperative evaluation of Park- 


insonian patients. J. Amer. geriat. Soc., 4: 1280- 
1284, 1956. 


Brain 
Geri- 


205 


20: 


20! 


20 


20 


20 


nh 


9 


< 


, ie | 





Follow-up 
dal artery 
lidectomy 
ident ap- 
257, 1956, 


Histologic 
he lateral 
taff Meet, 
]. Amer, 


ab: Post- 
lected pa- 
er. geriat. 


. graphic 
1 patients 


4: 1240- 


enose bei 
*rsuchun- 


1, 1956, 


osclerotic 
- elderly, 
(1955), 


Spizzirri: 
norbo di 
ipeutiche 
iperidin- 
» ed in 
ota pre- 
56. 

n in der 
iz. med. 


1: Brain 
1. Geri- 


osnikoff: 
of mas- 
lary re- 
1956. 

Parkin- 
955. 

enheim: 
es mal- 
sychiat., 


onism.) 


zur Be- 
sich ein 
ntrolle. 
a 

sal dif- 
n bosis,” 
norske 


of re- 
f Park- 
{; 1280- 





20313 


20314. 


20315. 


20316. 


20317. 


20318. 


20319. 


20320. 


20321. 


20322. 


20323. 


20324. 


20325. 


INDEX TO CURRENT PERIODICAL LITERATURE 


Marchand, L., P. Loo, G. Eloy, and J. P. Duflot: 
Maladie d’Alzheimer, diagnostiquée clinique- 
ment maladie de Pick. Ann. méd.-psychol., 114, 
1: 810-816, 1956. 

Murray, W.: Parkinson’s disease; aspects of 
functional training. Phys. Ther. Rev., 36: 587- 
594, 1956. 

Nesthus, J.: Pick’s atrofi—kasuistisk meddelelse. 
(Case report.) Nord. psykiat. Medlemsblad, 4: 
154-155, 1950. 

Raskin, N., and R. Ehrenberg: Senescence, se- 
nility, and Alzheimer’s disease. Amer. J]. Psy- 
chiat., 113: 133-137, 1956. 

Riishede, J.: Cerebral apoplexy; statistical con- 
siderations. Acta psychiat. neur. scand., —: 
(Suppl. 108), 347-361, 1956. 


Riklan, M., and L. Diller: Certain psychomotor 
aspects of subtemporal chemopallidectomy for 
Parkinson’s disease. ]. Amer. geriat. Soc., 4: 
1258-1265, 1956. 

Skillicorn, S. A., and R. B. Aird: The treat- 
ment of cerebrovascular accident. Med. Clin. 
N. Amer., 40: 1355-1368, 1956. 

Thiébaut, F., F. Isch, C. Isch-Treussard, and 
J. Jouffroy: L’électromyographie dans les syn- 
dromes Parkinsoniens; 70 cas, Rev. neurol., 94: 
150-154, 1956. 

Ustvedt, H. J.: (On the problems of cerebro- 
vascular accidents.) Tidssk. norske Laege- 
Foren., 63: 63-67, 1956. 

Wilcox, H. H.: Changes in nervous system with 
age. Publ. Hlth. Rep., Wash., 71: 1179-1184, 
1956. 

Wright, I. S. R. D. Adams, D. A. Covalt, J. 
F. Fazekas, and H. H. Merritt: Cerebrovascular 
disease with aging; transcription of a panel 
meeting. Bull. N. Y. Acad. Med., 32: 657-684, 
1956. 


Zakrzewska, F.: (Essay in evaluation of the 
motor analysor in Parkinsonism.) Neurol. 


polska, Warsaw, 6: 129-141, 1956. 


Anonymous: (Cerebral atrophy.) Tidssk. nor- 
ske Laege-Foren., 72: 21-22, 1952. 


See also Nos. 20213, 20446, 20449, 20450, 20451, 
20464, 20497. 


XI. ReEaAcTIONS OF THE Bopy as A WHOLE 


(allergy, anoxia, anesthesia, anthropometry, drugs, 


20326. 


20327. 


20328. 


20329. 


exercise, immunity, sleep, and temperature 


regulation) 
AAmodt, T.: (Bromide and barbiturate con- 
sumption in a_ geriatric material.) Tidssk. 


norske LaegeForen., 63: 606-608, 1956. 
Abramson, E.: Body Weight in Swedish wo- 
men. Acta med. scand., 154: 463-475, 1956. 


Austin, M. G., and J. W. Berry: Observations 
on one hundred cases of heatstroke. J. Amer. 
med. Ass., 161: 1525-1529, 1956. 


Brozek, J.: Physique and nutritional status of 
adult men. Hum. Biol., 28: 124-140, 1956. 


20330. 


20331. 


20332. 


20333. 


20334. 


20335. 


20336. 


20337. 


20338. 


20339. 


20340. 


20341. 


20342. 


20343. 


20344. 


20345. 


20346. 


20347. 


20348. 


233 


Doetsch, H.: Uber den heutigen Stand der 
Bogomoletztherapie. Arztl. Wschr., 11: 474- 
476, 1956. 

Erichsen, E.: (Competitive sport for older per- 
sons.) Tidssk. norske LaegeForen., —: 9-11, 
1950. 
Hunt, E. 


£ 


E., Jr. and E. Giles: Allometric 
growth of body composition in man and other 
mammals. Hum. Biol., 28: 253-273, 1956. 
Kalb, S. W.: A review of group therapy in 
weight reduction. Amer. ]. Gastroenter., 26: 
75-80, 1956. 

Kohn, H. 1, and R. F. Kallman: Age, growth 
and the LDs5» of x-rays. Science, 124; 1078, 
1956. 

Leikola, E., and K. O. Vartia: On penicillin 
levels in young and geriatric subjects. |. Ger- 
ont., 12: 48-52, 1957. 

Marks, H. H.: Body weight; facts from life 
insurance records. Hum. Biol., 28: 217-231, 
1956. 

Monton Raspall, D.: La anestesia en el pa- 


ciente geriatrico. Rev. esp. Anest., 3: 167-193, 
1956. 
Newman, R. W.: Skinfold measurements in 


young American males. Hum. Biol., 28: 154- 


164, 1956. 


Ohlson, M. A., A. Biester, W. D. Brewer, B. 
E. Hawthorne, and M. B. Hutchinson: Anthro- 
pometry and nutritional status of adult women. 
Hum. Biol., 28: 189-202, 1956. 


Papper, E. M.: Anesthesia in the aged. In: R. 
L. Craig (Editor), Problems of Aging. Charles 
C. Morchand Co., New York, 1956, pp. 180-187. 
Also in: Bull. N. Y. Acad. Med., 32: 635-642, 
1956. 

Pascale, L. R., M. I. Grossman, H. S. Sloane, 
and T. Frankel: Correlations between thickness 
of skin-folds and body density in 88 soldiers. 
Hum. Biol., 28: 165-176, 1956. 

Pett, L. B., and G. F. Ogilvie: The Canadian 
weight-height survey. Hum. Biol., 28: 177-188, 
1956. 

Rees, L.: Psychosomatic aspects of asthma in 
elderly patients. J. psychosomat. Res., 1: 212- 
218, 1956. 

Schaffer, A. I, and W. Seegers: Effects of 
methyprylon (noludar) and phenobarbital on 
the electrocardiogram. J]. Amer. geriat. Soc., 4: 
1078-1079, 1956. 

Simonson, E.: Changes of physical fitness and 
cardiovascular functions with age. Geriatrics, 
12: 28-39, 1957. 

Various: A study of the dietary background 
and nutriture of the Navajo Indian. J. Nu- 
trit., 60: (Suppl. 2), 3-85, 1956. 

Warren, S.: Longevity and causes of death from 
irradiation in physicians. ]. Amer. med. Ass., 
162: 464-468, 1956. 

Wittich, F. W.: The more recent management 


of chronic bronchial asthma in the aged. J. 
Amer. geriat. Soc., 4: 1049-1062, 1956. 








234 


20349, 


20350, 


20351, 


20352. 


20353, 


20354, 


20355. 


20356. 


20357, 


20358, 


20359. 


JOURNAL OF GERONTOLOGY 


Wyant, G. M., A. B. Dobkin, and C, J. Kilduff: 
Anaesthesia in the aged, Clinical evaluation 
of a series of consecutive cases at a teaching 


hospital. |, Amer. geriat, Soc. 4: 1140-1154, 
1956, 

Anonymous: (The working capacity of the 
elderly.) Tidssk. norske LaegeForen., 74: 428- 


430, 1954, 
See also Nos, 20181, 20229, 20358, 20376, 20473, 
20504, 


XII, Repropuctive System 
(ovaries, testis, see Endocrine System) 


Brazil. Conselho Nacional de Estatistica: A 
fecundidade feminina no estado de Minas Ge- 
rais, Bol, Estatist., 14: (53), 1-8, 1956, Abstr: 
P. 1, 22: No, 4198, 1956, 

Slome, C,: 
mothers, |, Pediat., 49; 550-552, 1956. 
Geriatrics, 12; 74-75, 1957. 

Von Mikulicz-Radecki, F.; Das Alter der wegen 
einer gyniikologischen Erkrankung bei uns op- 
erierten Frauen. Zbl. Gyndk., 78: 1241-1250, 
1956, 

See also No, 20448, 


Nonpuerperal lactation in grand- 
Abstr: 


XIII. Resprrarory System 
Attinger, E. O., M. M. Goldstein, and M. S. 
Segal: Ventilation in chronic pulmonary em- 
physema. I. Pressure-volume and pressure-flow 
relationships. Amer, Rev, Tuberc., 74; 210-219, 
1956. 
Attinger, E. O., M. M. Goldstein, and M. S. 
Segal: Ventilation in chronic pulmonary em- 
physema. Il. Correlation of compliance and 
mechanical resistance with routine pulmonary 
function tests, Amer, Rev, Tubere., 74: 220- 
228, 1956. 
Bridge, R. G.: The value of bacteriological 
studies in pneumonia occurring in age group. 
Dis, Chest, 30; 194-201, 1956, 
Delore, P., M. Mégard, and A, Martin: Bilan 
de la crénotherapie et de la climatothérapie 
dans les états de bronchite chronique. J. Méd. 
Lyon, 37; 477-490, 1956, 
Ghiringhelli, G., and E, Bosisio: La funzione 
respiratoria nell’eta senile in condizioni di 
riposo e di lavoro muscolare. Gior. Geront., 4: 
477-483, 1956, 
Haenszel, W., and M. B. Shimkin: Smoking 
patterns and epidemiology of lung cancer in 
the United States; are they compatible? J. nat. 
Cancer Inst., 16: 1417-1441, 1956, Abstr: P. L., 
22: No. 4186, 1956. 
Laterza, A., and F, Valassi: Edema papillare 
nell’enfisema polmonare cronico. Riv. Neurol, 
26: 193-195, 1956. 
Mcican, K. H,; The macroscopic anatomy of 
pulmonary emphysema, Aust. Ann, Med., 5: 
73-88, 1956. 


Martini, H., and J. Feller: Zum Problem der 
Bronchitis. Med. Klinik, 51: 793-800, 1956. 


20365, 


20364, 


20365, 


20366, 


20367, 


20368. 


20569, 


20370, 


20371, 


20372. 


20373. 


20374, 


20375, 


20376. 


20377. 


20378. 


20379, 


20380. 


Ogilvie, C. M., R. E. Forster, W. S, Blakemore, 
and J, W. Morton: A standardized breath hold- 
ing technique for the clinical measurement of 
the diffusing capacity of the lung for carbon 
monoxide. J. clin. Invest., 36: 1-17, 1957, 
Pemberton, J., and E. G. Flanagan: Vital ca- 
pacity and timed vital capacity in normal men 
over forty. J, appl, Physiol., 9: 291-296, 1956, 
Phillips, A. M., R. W. Phillips, and J. L, 
Thompson: Chronic cough; analysis of etiologic 
factors in a survey of 1,274 men, Ann. intern, 
Med., 45: 216-231, 1956. 

Ragaini, S., and G. F, Liuti: Aspetti anatomo- 
istologici dei carcinomi polmonari in rapporto 
all’eta. Gior, Geront., 4: 441-476, 1956. 
Sartorelli, E., and S, Ingegnieros: La massima 
capacita ventilatoria dei polmoni nell’eta senile. 
Gior, Geront., 4; 505-508, 1956. 

Schlemmer, R., and A, KlimeSova: (Average 
spirometric values in adolescents aged 16-18 
years in Czechoslovakia.) Ceskoslov, pediat., 
11: 338-341, 1956. 

Smetana, J.: (Surgical therapy of pulmonary 
emphysema.) Cas, Lék, éesk., 95: 648-650, 1956, 
Tenney, S. M., and R. M. Miller: Dead space 
ventilation in old age. J, appl. Physiol., 9: 321- 
327, 1956, 

Zeilhofer, R., and C. G. Bir: Atemdynamik 
und Lungenvolumina bei der Funktionsdiagnose 
des Emphysems, Arztl. Wschr., 11: 586-590, 
1956, 
Zuidema, P.: 
physema pulmonum. 
549-553, 1956. 


See also No, 20274. 


Das chronisch substantielle Em- 


Wien. klin. Wschr., 68: 


XIV. Sense Orcans AND PERCEPTION 

Belloc, N. B.: Blindness among the aged. Publ. 
Hlth. Rep., Wash., 71: 1221-1225, 1956. 
Bozzoli, S.: L’oechio senile, Gior. Geront., 4: 
509-518, 1956. 


Charles, C. M.: Dizziness and vertigo, Geri 
atrics, 11; 110-112, 1956. 

Georgiew, S.: Die Altersschwerhérigkeit und 
ihre Behandlung mit Bogomoletz-Serum bzw. 
Sexualhormonen. Ther. Umschau, Bern, 13: 
121-126, 1956. 

Hofer, G.: Die Wirkung von Sexualhormon 
auf Zustinde von Hérverlust und Schwindel im 
Alter. Acta oto-laryng., Stockh., 46: 304-313, 
1956. 

Kunert, W.: Vergleichende klinische und rént- 
genologische Untersuchungen an bradytrophen 
Geweben. Z. Altersforsch., 10; 125-136, 1956. 
Miglior, M.: Il contenuto proteico dell’umore 
acqueo in alcune forme di cateratta complicata 
e nella cateratta senile. Ann. Ottalm. clin. 
Ocul., 82: 337-342, 1956. 

Orma, E. J.: Hydrogenated ergot alkaloids 
(hydergine) in the treatment of geriatric pos- 


tural dizziness, Ann. Med. intern, Fenniae, 
Helsinki, 45: 39-44, 1956. 











9 


a> 


as 


slakemore, 
eath hold- 
rement of 
or carbon 
957, 
Vital ca- 
rmal men 
6, 1956, 
nd J. L, 
etiologic 
n. intern, 


anatomo- 
rapporto 

6, 
mMassima 

ta senile, 


(Average 
ed 16-18 
pediat., 


iImonary 
50, 1956, 
ad space 
» 9: 321- 


dynamik 
diagnose 
586-590, 


‘le Em- 
chr., 68: 


d. Publ. 
‘ont., 4: 
Geri- 


‘it und 
m bzw. 
rn, 13: 


hormon 
adel im 
104-313, 


d rént- 
rophen 
1956. 

"umore 
plicata 
. clin, 


kaloids 
ic pos- 
nniae, 








20382. 


20383. 


20385. 


20388. 


20389. 


20390. 


20391. 


20392. 


20393. 


20394. 


XV-E. 


20395. 


20396. 


20397. 


20398. 


INDEX TO CURRENT PERIODICAL LITERATURE 


Orma, E, J., and M. Koskenoja: Postural dizzi- 
ness in the aged, Geriatrics, 12; 49-59, 1957. 
Sunde, O, A.: On the so-called senile exfoliation 
of the anterior lens capsule; a clinical and 
anatomical study. Acta ophthal., Kbh., —: 
(Suppl. 45), 1-85, 1956. 


XV. SkeLerar System 
Howell, T. H.: Joint contractures. 
phys. Med., —: 1-10, Sept. 1956. 
MacBane, R. D.: Interesting facts about feet. 
]. Amer. geriat. Soc., 4: 1121-1125, 1956. 
Schréter, G.: Die Begutachtung degenerativer 
Wirbelsaiulenerkrankungen, Dtsch. Gesundhwes., 
11: 1069-1075, 1956. 

Sokoloff, L., and G. E. Jay, Jr.: Natural his- 
tory of degenerative joint disease in small 
laboratory animals, Ii. Epiphyseal maturation 
and osteoarthritis of the knee of mice of inbred 
strains. Arch. Path,, Chicago, 62: 129-135, 1956. 
Sokoloff, L., and G. E. Jay, Jr.: Natural his- 
tory of degenerative joint disease in small labo- 
ratory animals. III. Variations in epiphyseal 
maturation in the head of the femur among 
inbred strains of mice. Arch. Path., Chicago, 
62: 136-139, 1956. 

Sokoloff, L., and G. E. Jay, Jr.: Natural his- 
tory of degenerative joint disease in small labo- 
ratory animals. IV. Degenerative joint disease 
in the laboratory rat. Arch. Path., Chicago, 
62: 140-142, 1956. 


Brit. ]. 


XV-A. Sxererat System: Bone 
Aizenborg, M. F.: (Age and sex characteristics 
of the symphysis pubis in roentgenologic pic- 
ture.) Véstn. Rentgenol., 31: 44-46, 1956. 
Collins, D. H.: Paget’s disease of bone; inci- 
dence and subclinical forms. Lancet, 2: 51-57, 
1956. 
Mainland, D.: A study of age differences in the 
x-ray density of the adult human calcaneus— 
variation and sources of bias. J. Geront., 12: 
53-61, 1957. 
Trotter, M.: Variable factors in skeleton weight. 
Hum. Biol., 28: 146-153, 1956. 
Trotter, M., and R. R. Peterson: Ash weight 
of human skeletons in per cent of their dry, 
fat-free weight. Anat. Rec., 123; 341-358, 1955. 
Anonymous: Osteoporoza. Srpski arh. celok. 
lék., 84; 391-393, 1956. 


SxevetaL System: Arthritis and Rheumatism* 


Berovié, Z.: (Chronic arthritis.) Med. glasn., 
10: 16-20, 1956. 

Béni, A.: Die primar chronische Polyarthritis; 
ein einheitliches Krankheitsbild, oder nur ein 
Symptom. Bull, schweiz. Acad. med. Wiss., 12: 
93-98, 1956. 

Cecil, R. L.: Osteoarthritis. 
52; 285-288, 1956. 

Chodera, L.: (Ulnarization of fingers in rheu- 
matism.) Polsk. Tygod. lek., 11: 345-348, 1956. 


W. Va. med. J., 


* Selected references. 


20399, 


20400, 


20401. 


20402. 


20403, 


20404. 


20405. 


XV-E. 


20406. 


20407. 


20408. 


20409. 


20410. 


20411. 


20412. 


20413. 


20414. 


20415. 


235 


Cobb, S., W. R. Merchant, and T. Rubin: The 
relation of symptoms to osteoarthritis. J. 
chronic Dis., 5: 197-204, 1957. 

Dulong De Rosnay, C., and P. Du Pasquier: Le 
syndrome biologique des rhumatismes chro- 
niques inflammatoires. I. Etude critique et 
valeur de la réaction dite de Waaler-Rose dans 
le diagnostic de la polyarthrite chronique évolu- 
tive. J]. Méd. Bordeaux, 133: 548-558, 1956. 
Justin-Besangon, L., A. Rubens-Duval, J. Vil- 
liaumey, and M. Caroit: Les caractéres anato- 
mo-cliniques des adénopathies de la_poly- 
arthrite chronique évolutive dans le cadre des 
maladies du collagéne. Acta med. scand., 154: 
(Suppl. 312), 315-518, 1956. 

Piguet, B.: Les atteintes de la hanche au cours 
des polyarthrites chroniques évolutives. Sem. 
Hop. Paris, 32: 2483-2491, 1956. 

Robles Gil, J., and L. Zamudio: Cuadro clinico 
de la espondilitis reumatoide estudio de 50 en- 
fermos. Gac. méd. Méx., 86: 85-92, 1956. 
Silberberg, M., and R. Silberberg: Age factor 
and high-fat diets in the evolution of osteo- 
arthritis in mice. J. Geront., 12: 9-13, 1957. 
Watson-Jones, R., and F. D. Hart: Arthritis of 
the hip. Trans. med. Soc. Lond., 72: 33-44, 
1956. 

See also No. 20252 


SKELETAL System: Arthritis and Rheumatism 
Therapy* 
Farneti, P., and G. Miccoli: Azione dei sali 
d’oro per via rettale nell’artrite sperimentale. 
Reumatismo, Milano, 8: 142-148, 1956. 
Huddleston, O. L.: The use of occupational 
therapy in the treatment of arthritis. Rheu- 
matism, 12: 56-62, 1956. 
Michez, J., J. Clerens, E. Colinet, L. Delisée, 
and J. Oger: Notre expérience du traitement des 
polyarthrites chroniques évolutives par de petites 
doses de prednisone et prednisolone. J. belg. 
méd, phys. rhumat., 11: 5-16, 1956. 
Nedvinek, B.: (Treatment of chronic arthritis.) 
Med. glasn., 10; 29-33, 1956. 
Presch, H. R.: Synergetische Hydrocortison- 
therapie beim chronischen Rheumatismus am 
Kurort. Z. Rheumaforsch., 15: 151-155, 1956. 
Richiusa, V.: Il trattamento delle artriti croni- 
che con novocaina ed acido ascorbico. Gaz. 
med, ital., 115: 74-78, 1956. 
Saffie, F., and H. Gordillo: Tratamiento de las 
artrosis de rodillas con acetato de hidrocortisona 
intra-articular. Rev, méd. Chile, 84: 78-81, 1956. 
Sutro, C. J.: The treatment of severe osteo- 
arthritis. N.Y. St. ]. Med., 56: 2367-2373, 1956. 
Wilkinson, L. H.: A useful preparation in the 
treatment of osteoarthritis. Rheumatism, 12: 
63-67, 1956. 
Wilson, G. M., Jr., E. R. Huffman, and C, J. 
Smyth: Oral phenylbutazone in the treatment 
of acute gouty arthritis, Amer. J. Med., 21: 
232-236, 1956. 


* Selected references. 








236 


20416. 


20417, 


20418, 


20419, 


20420, 


20421. 


to 
& 
is 


20423. 


20424, 


20425. 


20428. 


20429, 


20430. 


20431. 


20432. 


JOURNAL OF GERONTOLOGY 


XV-E. Skeverat System: Gout* 
Cashin, P.: Gout; uric acid metabolism and 
endocrine features. Med. Times, N. Y., 84: 
838-848, 1956. 
Francon, F., M. Durand, —. Gautier, —. Guil- 
lon, and —. Ducroizet: Trois nouvelles observa- 
tions de goutte feminine tophacée. Rev, Rhu- 
mat., Paris, 23: 322-327, 1956. 
Grossman, L. A.: Gout; a neglected entity. J. 
Tenn, med. Ass., 49; 270-273, 1956. 
Lichtenstein, L., H. W. Scott, and M. H. Levin: 
Pathologic changes in gout; survey of eleven 
necropsied cases. Amer, J. Path., 32: 871-895, 
1956. 
Thannhauser, S. J.: The pathogenesis of gout. 
Metabolism—clin. & exp., 5: 582-593, 1956. 


XVI. 


De Giorgio, A.: Luce ed invecchiamento cutaneo. 
Gior. Geront., 4: 563-567, 1956. 

Seelen, J. C., L. A. Stolte, J. H. Bakker, and E. 
Verboom: Alopecia areata. Ned. Tijdschr. Ge- 
neesk., 100: 1790-1799, 1956. 

Vamos, L.: (Experiments on neurohormonal in- 
fluencing of wide-spread alopeciae, and evalua- 
tion of recent results.) Bérgydgy. vener. szemle, 
10; 112-117, 1956. 

Vohra, P., and F. H. Kratzer: Graying of hair 
in rats fed a ration deficient in lysine. Science, 
124: 1145, 1956. 

Zollinger, H. U.: Stimulation der senilen Rat- 
tenepidermis durch stabilisierte Amnion-Salbe. 
Schweiz. Z. Path. Bakteriol,, 19; 429-435, 1956. 


SKIN AND INTEGUMENT 


XVII. Urocenirat SystemM* 
(includes prostate) 


Alyea, E. P., and E. P. Galleher, Jr.: Diagnosis 
and treatment of carcinoma of the prostate. 
Postgrad. Med., 20: 8-17, 1956. 

Baumann, W.: Beitrag zur konservativen Be- 
handlung der Prostatahypertrophie. Schweiz. 
med. Wschr., 86: 1029-1030, 1956. 

Bell, R., and R. F. Stinson, Jr.: Benign prostatic 
hypertrophy. J]. med, Ass. Ga., 45; 317-318, 
1956. 


Bongi, G., A. Frassineti, and G. Vallecorsi: 
Dosaggio delle gonadotropine urinarie in alcuni 
soggetti con ipertrofia prostatica. Minerva med., 
Torino, 47: 1555, 1956. 

Ganem, E. J.: The prognostic significance of an 
elevated serum acid phosphatase level in ad- 
vanced prostatic carcinoma, J. Urol., 76: 179- 
181, 1956, 


Garibaldi, B.: Il sistema cardiovascolare nei 
prostatici. Minerva med., Torino, 47: 1553-1555, 
1956. 


Germinale, T.: Considerazioni sulla possibilita 
di azione di ormoni corticoidi nella cosiddetta 
ipertrofia prostatica; nota preventiva. Minerva 
med., Torino, 47: 129-132, 1956. 





* Selected references. 


20433. 


20434, 


20435. 


20436. 


20437. 


20438. 


20439, 


20440. 


20441. 


20442. 


20443. 


20444, 


20445. 


20446. 


20447. 


20448. 


20449. 


20450. 


Hjorth, A., and E. Moller-Christensen: Uber die 
Wirkung von androgenem Hormon auf Urinin- 
kontinenz bei alten Frauen. Gynaelogia, 142: 


1-11, 1956. 

Lapin, A. A.: (Morphology of prostatic adenoma 
and its relation to sinestrol therapy.) Urologia, 
Moskow, 21: 19-25, 1956. 

Noyes, R. W.: Stress incontinence in women; 
treatment by retropubic urethrovesical suspen- 
sion, Calif. Medicine, 85: 75-78, 1956. 
Robinson, R. H.: The management of the en- 
larged prostate. Practitioner 177: 241-247, 1956, 
Salvini, L., and S, Viola: Ricerche preliminari 
sul quadro umorale del prostatico. Minerva 
med., Torino, 47: 1549-1550, 1956. 

Velikanov, K. A.: (Diagnosis of prostatic can- 
cer.) Urologia, Moskow, 21; 25-28, 1956. 


GERIATRICS 


II. anv III. Mepicat Care AND D1AGNosis 


Albasanz Gallan, J. L.: Geriatria y aguas min- 
erales. Med. col., 27: 561-579, 1956. 

Allan, W. S.: Rehabilitation—challenge and re- 
sponsibility. Amer. econ. Sec., 13: 12-21, 1956. 
Abstr: Soc. Sec. Bull., 20; 29, 1957. 

Bini, V.: Aggiornamento ed integrazione dei 
ricoveri vecchi ed antichi. Longevita, 4: (5), 
153-154, 1956. 

Brugsch, H. G.: The Rehabilitation Institute of 
the New England Medical Center. Bull. N. 
Eng. med. Center, 2: 135-141, 1956. 

Bugbee, G.: The hospital; progress and change. 
Publ. Hlth. Views, 4: (2), 1-7, 1956. 
Cavalieri, U.: Condizioni attuali di salute degli 
ospiti anziani. Longevitd, 4: (5), 155-156, 1956. 
Dolfini, G., and L. Trevisoi: Contributo di 
demografia ospedaliera, L’eta dei degenti nel- 
l’ospedale civile maggiore di verona nell’anno 
1955. Gior, Geront., 4: 576-582, 1956. 

Doman, R. J., and G. J. Doman: A useful aid 
in early paraplegia training. Phys. Ther. Rev., 
36: 595-598, 1956. 

Erickson, C. C., and J. E. Dunn, Jr.: The cyto- 
logic technique in the Memphis, Shelby County 
(Tennessee) population uterine cancer screen- 
ing project; report on first 60.000 women ex- 
amined. Acta. Unio. int. contra Canc,, 12: 65- 
73, 1956. 

Erickson, E. C., B. E. Everett, Jr., L. M. Graves, 
R. F. Kaiser, R. A. Malmgren, I. Rube, P. C. 
Schreier, S. J. Cutler, and D. H. Sprunt: Popu- 
lation screening for uterine cancer by vaginal 
cytology; preliminary summary of results of 
first examination of 108,000 women and second 
testing of 33,000 women. J. Amer. med. Ass., 
162; 167-173, 1956. 

Guttmann, L.: Die Rehabilitation von Quer- 
schnittsgelahmten des Riickenmarks. Dtsch. 
med, J., 7: 326-330, 1956. 

Guttmann, L.: Grundsatzliches zur Rehabilita- 
tion von Qluerschnittsgeliihmten. Dtsch. Z. 
Nervenheilk., 175: 173-190, 1956. 





20: 


20 


20 


nn» 


as 


: Uber die 
uf Urinin- 
logia, 142: 


: adenoma 
Urologia, 


n women; 
il suspen- 


f the en- 
247, 1956, 
reliminari 

Minerva 


latic can- 
56. 


SIS 


uas min- 


P and re- 
21, 1956. 


ione dei 
4: (5), 


stitute of 


Bull. N. 
change. 


ute degli 
96, 1956. 
buto di 
nti nel- 
ell’anno 


eful aid 
or. Rev., 


he cyto- 
County 
screen- 
nen ex- 
12: 65- 


Graves, 
, Be 
: Popu- 
vaginal 
ults of 
second 
1. Ass., 


Quer- 
Dtsch. 


abilita- 
ch. Z. 





20451. 


20452. 


20453. 


20454. 


20455. 


20456. 


20457. 


20458. 


20459. 


20460. 


20461. 


20462. 


20463. 
20464. 


20465. 


20466. 


20467. 


20469. 


INDEX TO CURRENT PERIODICAL LITERATURE 


Holla, W. A.: The establishment and function- 
ing of a geriatric program in a health depart- 
ment. N. Y. St. J. Med., 56: 2987-2991, 1956. 
Abstr: Geriatrics, 12: 75-76, 1957. 

Krusen, F. H.: Direct medical supervision of 
rehabilitation programs. J. Amer. med. Ass., 
161: 1568-1569, 1956. 

Langenskiéld, F., and P. Pylkkéinen: (Rehabili- 
tation.) Duodecim, 72: 219-226, 1956. 
Lingjaerde, P., and O. Rémcke: (Patients ad- 
mitted in a medical department 1935-1953— 
changes in age structure.) Tidssk. norske 
LaegeForen, 75: 1-3, 1955. 

Metrop. Life Insur. Co.: Rise in motor vehicle 
accident fatalities. Statist. Bull. Metrop. Life 
Insur. Co., 37: 1-11, Nov. 1956. 

Porterfield, J. B.: Rehabilitation of the aged. 
Amer. Arch. rehabilit. Ther., 4: 185-189, 1956. 
Power, F. R., and T. G. Reed: Rehabilitation; 
a new challenge. W. Va. med. J., 52: 238-241, 
1956. 

Roberts, D, W., and C. M. Wylie: Multiple 
screening in the Baltimore study of chronic ill- 
ness. ]. Amer, med. Ass., 161: 1442-1446, 1956. 
Rossi, M., and C. Mincato: Primi risultati sul 
trattamento con miele deproteinizzato (ergosio) 
nei disturbi endocrini dell’eta senile. Gior. 
Geront., 4: 568, 1956. 

Rusk, H. A.: Wiederherstellung (Rehabilita- 
tion) in den Vereinigten Staaten, Miinch. med. 
Wschr., 98: 1056-1059, 1956. 

Rusk, H. A.: Rehabilitation of the elderly neuro- 
logic patient. Res. Publ. Ass. nerv. ment. Dis., 
35: (1955), 224-233, 1956. 

Rusk, H. A., and M. M. Dacso: Rehabilitation 
in the aged. In: R. L. Craig (Editor), Prob- 
lems of Aging. Charles C. Morchand Co., New 
York, 1956, pp. 210-218. Also in: Bull. N. Y. 
Acad. Med., 32: 725-733, 1956. 

Strém, A., and R. A. Jensen: (Social medicine.) 
Tidssk. norske LaegeForen., 70: 441-444, 1950. 
SuSec, D.: (Rehabilitation in paraplegia.) Acta 
chir. iugosl., 3: 257-264, 1956. 

Taietz, P., and B. L. Ellenbogen: Recruiting the 
professional nurse to the nursing home setting. 
Geriatrics, 12; 62-65, 1957. 

Zeman, F, D.: The physician’s contribution to 
the role of older persons in society. 7. Rehabili- 
tation of the aged. Res. Publ. Ass. nerv. ment. 
Dis., 35: (1955), 254-257, 1956. 
Anonymous: Nursing homes. 
Aug. 13, 1956. 

See also Nos. 20246, 20312, 20465, 20591. 


Time, 68: 35, 


IV. Disease 


(chronic, infectious, and mental): 
Batkis, G. A.: (Problem of application of se- 
lective method in investigation of general mor- 
bidity of the population.) Gig. san., Moskva, 
21: 56-60, 1956. 
Carloni, G.: La reserpina e la cloropromazina 
nei malati mentali cronici. Arch. Psicol. Neurol. 


Psychiat., 17: 629-630, 1956. 


20470. 


20471. 


20472. 


20473. 


20474. 


20475. 


20476. 


20477. 


20478. 


20479. 


20480. 


20481. 


20482. 


20483. 


20484. 


20485. 


237 


Chapliuk, M. I, and I. G. Lavrova: (Investiga- 
tions on morbidity with temporary loss of 
working capacity.) Sovetsk. zdravookhr., 15: 
(3), 22-26, 1956. 

Dorn, H. F.: Ecological factors in morbidity 
and mortality from cancer. In: Trends and 
Differentials in Mortality. Milbank Mem. Fund, 
New York, 1956, pp. 74-97. Abstr: P. I., 22: No. 
4184, 1957. 


Dube, A. H., C. K. Osgood, and H. Notkin: 
The effects of an analeptic (ritalin), an atar- 
axic (reserpine), and a placebo in senile states. 
]. chronic Dis., 5: 220-234, 1957. 

Ferguson, J. T.: Successful therapeutic regimen 
for the management of behavior problems in 
the elderly. J. Amer. geriat. Soc., 4: 1080-1084, 
1956. 

Flint, F. J., and S. M. Richards: Organic basis 
of confusional states.in the elderly. Brit. med. 
]., 2: 1537-1539, 1956. 

Galioni, E. F.: Reserpine and chlorpromazine; 
their use in alcoholic and geriatric patients. 
Calif. Medicine, 85: 97-99, 1956. Abstr: Geri- 
atrics, 11: 548, 1956. 

Gregory, I.: Factors influencing first admission 
rates to Canadian mental hospitals. I. An 
analysis of trends, 1932-1953 (by age, sex, diag- 
nosis and methods of admission). Canad. 
psychiat. Ass. ]., 1: 115-143, 1956. 

Gruenberg, E. M.: Epidemiology of mental dis- 
orders and aging. Res. Publ. Ass. nerv. ment. 
Dis., 35: (1955), 112-128, 1956. 

Hamlon, J. S., and S. Atkinson: Electrocon- 
vulsive therapy; a controlled study of its effects 
in geriatric patients. Geriatrics, 1]: 543-548, 
1956. 

Kamman, G, R.: Harmful effects of interpretive 
psychotherapy in certain involutional depres- 
sions. Minn. Med., 39: 451-453, 1956. 
Kammerer, T., L. Singer, —. De Durand, R. 
Bousingen, R. Dorey, and J. Nevers: Syndrome 
démentiel présénile; comparaison des données 
cliniques et psychométriques. Cah. psychiat. 
—: (11), 44-54, 1956. 

Kihlberg, J.: (Seasonal variation or morbidity 
statistics in Finland.) Duodecim, 72: 143-150, 
1956. 


Kubenkova, V.: (Methods of orientation studies 
on general morbidity.) Ceskoslov. zdravot., 4: 
197-202, 1956. 


Le Guillant, —., M. Pariente, R. Roelens, A. 
Corre, J. Kestenberg, M. Baillysalin, P. Bequart, 
M. Plichet, —. Hansen, and —. Huguet: Bilan 
de cent cures neuroleptiques dans des psychoses 
chroniques, Ann. med.-psychol., 114, 1: 859-867, 
1956. 


Maccagnani, G.: Trattamento di alcune sin- 
dromi psichiche dell eta senile con reserpina, 
con reserpina associata a cloropromazina. Arch. 
Psicol. Neurol. Psychiat., 17: 452-454, 1956. 
McKeown, F.: Malignant disease in old age. 
Brit. ]. Cancer, 10: 251-256, 1956. Abstr: Geri- 
atrics, 12: 74, 1957. 








238 


20486, 


20487, 


20488, 


20489, 


20490, 


20491, 


20492, 


20495, 


20494, 


20495, 


20496, 


20497, 


20498, 


20499, 


20500, 


20501, 


20502, 


20503. 


JOURNAL OF GERONTOLOGY 


Malamud, W,: The psychopathology of aging, 
Res, Publ, Ass, nerv, ment, Dis,, 35: (1955), 
70-82, 1956, 


Manzon, la, S.; (Effect of sickness-prone in- 


dividuals on morbidity index.) Sovetsk, zdra 
vookhr,, 15: (3), 17-22, 1956, 
Margulec, I; Modern trends in the care of 


chronically ill, Harefuah, 50; 272-276, 1956, 
Markuzon, F, D,; (Establishment of statistics of 
general morbidity,) Gig, san., Moskva, 21; 66- 
70, 1956, 

Meyer, E.; The physician's contribution to the 
role of older persons in society. I, Acute break- 
downs, Res, Publ, Ass, nerv, ment, Dis,, 35: 
(1955), 235-237, 1956, 

Oe6ettlé, A, G,; Rassenunterschiede im Krebsbe- 
fall der Bevilkerung Siidafrikas, Med, Klinik, 
51; 673-675, 1956, 

Pelner, L.: Host-tumor antagonism, IIL Pro 
longed survival of certain patients with cancer, 
Fortuitous occurrence or immunity mechanism? 
], Amer. geriat, Soe, 4; 1126-1139, 1956, 
Pemberton, J., and K, 1 E, Macleod: Rural 
health survey of men over forty, Publ, Hlth, 
Rep., Wash., 71; 1213-1220, 1956, 

Roberts, F.; Morbidity yesterday and today. 
Brit. med. ]., 2: (4993), 653-655, 1956, 

Schinz, H. R., and T, Reich; Statistische Unter- 
suchungen zur Malignomsterblichkeit in der 
Schweiz, XI, Wandlungen in der Organge- 
fihrdung durch die hiéufigsten Karzinome in 
der Schweiz seit der Jahrhundertwende bis 
1952, Oncologia, 9; 317-338, 1956, 

Tailhefer, A.: La situation des cancéreux dits 
chroniques, I, Lutte cancer, 34; 21-30, 1956. 
Tennent, J, J.: Experiences with metrazol in 
psychoses with cerebral arteriosclerosis, Psychiat, 
Quart,, 30; 249-259, 1956, 

Ustvedt, H, J.: (Mental symptoms in elderly 
patients in a medical department.) Nord. 
psykiat, Medlemsblad, 9; 111-131, 1955. 


Vacek, M.;: (Method of detailed statistics of 
total morbidity in Czechoslovakia.) Ceskoslov, 
zdravot., 4: 192-197, 1956, 


Van Rhijn, C, H.: De invloed van reserpine 
(serpasil) op acute en chronische geestesziekten, 
Ned. Tijdschr, Geneesk., 100; 1775-1790, 1956. 


Waterman, T. L,, and V. F. Lang: Chronic 
illness, C, V. Mosby Co., St, Louis, 1955, 


Weinberg, J.: The physician’s contribution to 
the role of older persons in society. 6. Psycho- 
therapy of the aged person, Res, Publ. Ass. 
nerv, ment, Dis,, 35; (1955), 251-254, 1956. 


See also Nos, 20185, 20356, 20359, 20366, 20592. 


Vil. 


Hoffmann, V.: Erfahrungen bei Operationen 
von Menschen im héheren Lebensalter, Arch. 
klin. Chir. 282; 766, 1955. Abstr: Z. Alters- 
forsch., 10: 183-184, 1956, 


SurRGERY 


20504, 


20505, 


20506, 


20507, 


20508, 


20509, 


20510, 


20511, 


20512. 


20513, 


20514, 


ric 
20515, 


20516. 


20517, 


20518. 


20519, 


20520. 


20521. 


Longtin, L.: La chirurgie et l’anesthésie chez les 
vieillards, Rev, Méd, Suisse rom,, 76; 500-508, 
1956, Also in; Un, méd, Can., 85; 762-768, 
1956, 

Meyer-Burgdorff, G,; Chirurgie im hiheren 
Lebensalter; Entdicklung in den letzten 30 
Jahren, Beitr, klin, Chir,, 193; 98-112, 1956, 


Wiesner, H,: Zur chirurgischen Geriatrie, Z. 
dirztl, Fortbild,, 50; 540-544, 1956, 
PSYCHOLOGICAL PROCESSES 
Barratt, E, S.; The relationship of the Progres- 
sive Matrices (1938) and the Columbia Mental 
Maturity Scale to the WISC, J, consult, Psy 
chol,, 20; 294-296, 1956, 
Bergler, E.; A rule of thumb for evaluation of 
the psychic age-group, Dis, nerv, Syst., 17; 293- 
294, 1956, 
Braceland, F, J.: Emotional and psychiatric 
problems of aging, In; R, L. Craig (Editor), 
Problems of Aging, Charles C, Morchand Co,, 
New York, 1956, pp. 188-197, Also in: Bull. 
N. Y. Acad, Med., 32: 625-634, 1956. 
Busnelli, C.: Aspetti e problemi degli studi di 
psicologia genetica e dell’etA evolutiva in Italia 
oggi, Arch, Psicol, Neurol. Psychiat., 17: 3-16, 


1956, 

Feifel, H.: Judgment of time in younger and 
older persons, J, Geront., 12; 71-74, 1956. 
Kamin, L, J.; Differential changes in mental 
abilities in old age, J, Geront., 12: 66-70, 1957. 
Lewis, A.; Statistical aspects of suicide. Canad 
med, Ass, ]., 74; 99-164, 1956, Abstr: P. I, 22: 
No, 4187, 1956, 
Pellegrini, R.:; 
sua vita sessuale, 
1956, 

Rud, F.; (The aging of the mind.) Sos, Arbeid, 
27; 225-238, 1953. 

Schneck, J. M.: Dynamic hypnotic age regres- 
sion, Amer, |], Psychiat, 113; 178, 1956. 
Shames, G, H., and H. L, Beams: Incidence of 
stuttering in older age groups. J, speech hear, 
Disord., 21: 313-316, 1956. 

U. S, Department of Labor, Bureau of Employ- 
ment Security: Counseling and placement ser- 
vices for older workers. U. S. Govt. Print. 
Office, Washington, 1956, 88 pp. Abstr: Soe, 
Sec. Bull., 20; 24, 1957, 

Wilson, J. G.: Signs of sexual aberration in old 
men, J], Amer. geriat, Soc., 4; 1105-1107, 1956. 
See also Nos, 20132, 20214, 20343, 20560, 20570, 
20574, 20587. 


La genitalita del vecchio e la 
Gior, Geront., 4: 569-575, 


SOCIAL & ECONOMIC ASPECTS 
Ill, Democrapny 

Boldrini, M.: Demografia. A, Giuffré (Editor), 
Milan, 1956, 328 pp. Abstr: P. I., 22: No. 4008, 
1956. 

Chen Shao-Hsing, —: Population changes in 
Taiwan. Bull, Dep. Archaecol, Anthropol., —: 
(6), 86-119, 1955. Abstr: P. I., 22: No, 4058, 
1956. 








—— 


20! 


20. 


20! 


20 


2 


2X 


2 


2 


o 


9 


rT 


rT 


ésie chez leg 
16; 500-508, 
5; 762-768, 


m hiéheren 
letzten 30 
12, 1956, 


priatrie, Z, 


he Progres- 
bia Mental 


nsult, Psy 


aluation of 
t., 17: 293- 


psychiatric 
(Editor), 
‘hand Co., 


in: Bull, 


li studi di 
a in Italia 
17: 3-16, 


inger and 
956, 

in mental 
70, 1957, 
», Canad, 


thio e la 
569-575, 


s, Arbeid, 


re regres- 
6, 

idence of 
ech hear, 


Employ- 
nent ser- 
t. Print. 
str: Soe, 


nm in old 
, 1956. 


0), 20570, 


Editor), 
lo, 4008, 


inges in 
pol., —? 
o, 4058, 








20522. 


20523. 


20524, 


20525, 


20526, 


20527. 


20528, 


20529, 


20530. 


20531. 


20532. 


20533, 


20534, 


20535, 


20536, 


20537, 


INDEX TO CURRENT PERIODICAL LITERATURE 


Cole, L. C.: The population consequences of 
life history phenomena, Quart. Rev, Biol., 29: 
103-137, 1954, Abstr: P, 1., 22; No, 4014, 1956, 
Cowgill, D, O.: Trends in the ecology of the 
aged in American cities, 1940-1950, J, Geront., 
12: 75-80, 1957. 

Daric, J.: Evolution démographique en Espagne. 
Population, 11; 83-104, 1956, Abstr; P. 1, 22: 
No, 4059, 1956, 

Denmark. Statistiske Department: (Data of in- 
dustrial geography from the population census 
of 1950.) The Department, Copenhagen, 1956, 
208 pp. Abstr: P. 1, 22: No, 4298, 1956, 
Eisenstadt, S, N.: From generation to genera- 
tion; age groups and social structure, Free Press, 
Glencoe, Ill, 1956, 357 pp. Abstr: P. 1., 22: No. 
4339, 1956, 


Gini, C.: Le vieillissement des populations. 
Cah, Bruges, —: 207-219, Oct. 1955. Abstr: 


P. 1,, 22: No, 4337, 1956. 
Haiti, Institut Haitien de Statistique: Carac- 
téristiques de la population haitienne, Deuxiéme 
étude, Correction des chiffres accusés par le 
recensement d’aotit 1950. A. Correction des 
chiffres pour les groupes d’ige. B. Répartition 
par Age au début et a la fin de l'année 1950. 
Bull. trim. Statist., —: (20), 7-30, 1956. Abstr: 
P. 1, 22: No, 4286, 1956. 
Situation 


Henry, L.: démographique de la 


Martinique et de la Guadeloupe. Population, 
I]; 157-158, 1956. Abstr: P. I, 22; No. 4065, 
1956, 


Japan. Bureau of Statistics: (Estimation of pop- 
ulation by age for all Japan; each year of the 
1920-1940 period and the 1947-1950 period.) 
The Bureau, Tokyo, March 1956, iv, 138 pp. 
Abstr: P, I, 22: No. 4143, 1956. 

Kovacsics, J.: (A statistical monograph on the 
town of Keszthely.) Statist. Szemle, 33: 1033- 
1041, 1955. Abstr: P. 1., 22: No. 4080, 1956. 
Kulischer, E. M., and M. K. Roof: A new look 
at the Soviet population structure of 1939, 
Amer, sociol. Rev., 21; 280-289, 1956. Abstr: 
P. 1, 22: No, 4288, 1956. 

Marshall, D. G.: Wéisconsin’s population— 
changes and prospects. Univ. Wisc. Exper. Sta., 
1956, Res. Bull. 194, 56 pp. Abstr: P. I, 22: 
No, 4067, 1956. 

Mozambique. Reparticgao Técnica de Estatistica: 
(General census of population, 1950, Ill, The 
non-civilized population.) Lourenco Marques, 
1955, XLII, 420 pp. Abstr: P. I., 22: No. 4493, 
1956. 

Organisation for European Economic Co-opera- 
tion: Demographic trends in Western Europe; 
1951-1971, The Organisation, Paris, 1956, 160 
pp. Abstr: P. I., 22: No. 4149, 1956. 

Raja Indra, R.: Sinhalese population growth; 
1911-1946, Govt. Press, Colombo, 1955, Monog. 
No. 7, x, 52 pp. Abstr: P. I., 22: No. 4135, 1956. 
Sikron, M.: (The demographic structure of Is- 


rael’s adult and child population.) Megamot, 
6: 91-112, 1955. Abstr: P. I., 22: No. 4291, 1956. 


20538, 


20539. 


20540. 


20541. 


20542. 


20543, 


20544, 


20545. 


20546. 


20547. 


20548. 


20549, 


20550. 


20551. 


239 


Skranbanek, R. L.: Characteristics and changes 
in the Texas farm population. Tex. Agric. 
exper. Sta., College Station, Dec, 1955, Bull. No. 
825, 15 pp. Abstr: P. I., 22: No. 4334, 1956. 
Somogyi, S.: Prospettive demografiche — per 
I'Italia, 1950-1970. Difesa soc., 34: 37-80, 1955. 
Abstr: P. I., 22; No. 4151, 1956. 

Szule, S.: (Aging of the human population.) 
Przegl. Statystyezny, —: (3), 225-233, 1955. 
Abstr: P, I, 22: No, 4034, 1956. 

U.S.S.R. Tsentral’noe Statisticheskoe Uprav- 
lenie: (The national economy of the USSR; a 
statistical compilation.) State Statistical Publ. 
House, Moscow, 1956, 270 pp. Abstr: P. I, 22: 
No, 4487, 1956, 

U. S, Bureau of the Census: An estimated dis- 
tribution of the population of Mainland China 
by age and sex; June 30, 1953. The Bureau, 
Washington, June 1956, Intern. Pop. Rep., 
Series P-91, No, 3, 10 pp. Abstr: P. I., 22: No. 
4292, 1956. 

U. S. Bureau of the Census: U. S. Census of 
population; 1950. U. S. Govt. Print, Office, 
Washington, 1956, Vol. IV, 262 pp. Abstr: P. 1. 
22: No, 4458, 1956. 

U. S. Department of Health, Education and 
Welfare. Public Health Service. Bureau of 
State Services. National Office of Vital Statis- 
tics: Health and demography. U. S. Govt. 
Print. Office, Washington, 1956, PHS No. 502, 
94 pp. 

See also No, 20184. 


IV. Economic ProBLeMs 
Colombo, U. M.: Il bilancio familiare delle 
persone anziane. Longevita, 4: (5), 159-161, 
1956. 
Epstein, L. A.: Money income sources for per- 
sons aged 65 and over; June 1956. Soc. Sec. 
Bull., 19; 13-16, Dec. 1956. 
Packman, M.: Old-age annuities in time of in- 
flation. Ed. res. Rpt., 11: 691-708, 1956. Abstr: 
Soe. Sec, Bull., 19: 24, 1956. 
Sweden, Statistiska Centralbyran: (The income 
distribution of 1954; preliminary data.) Statist. 
Tidskrift, 5: 79-93, 1956. Abstr: P. I., 22: No. 
4304, 1956. 
U. S. Department of Labor. Women’s Bureau: 
1956 handbook on women workers. U. S. Govt. 
Print. Office, Washington, 1957, Bull. No. 261, 
96 pp. 


IV-B. Economic Pros_ems: Employment 


Baer, M. F.: Some facts on older workers. 
Personnel & guid. ]., 35: 72-73, Oct. 1956. 


Florida. Industrial Commission and State Em- 
ployment Service (Prepared by R. O. Beck- 
man): Older workers in the Miami labor 
market; a summary, as applied to metropolitan 
Miami, of the older worker study. The Com- 
mission & Employ. Service, Tallahassee, 1956, 
59 pp. 








IV-C. 


20552. 


20553. 


20554. 
20555. 


20556. 


20557. 


20558. 


20559. 


20560. 


20561. 


20562. 


20563. 


20564. 


20565. 


20566. 
20567. 
20568. 


20569. 


Jaffe, A. J.: Trends in the participation of wo- 
men in the working force. Mon. Labor Rev., 
79: 559-565, 1956. Abstr: P. I., 22: No. 4328, 
1956. 

Johnson, W. L.: Personnel shortages in the 
health field and working patterns of women. 
Publ. Hith. Rep., Wash., 72: 61-66, 1957. 
Koyl, L. F.: Age changes and employability. 
Publ. Hlth. Rep., Wash., 71: 1195-1202, 1956. 
Kubie, L. S.: Hidden brain power. Saturday 
Rev. Literat., 39: 26, Oct. 13, 1956. 

Larson, A.: Labor departments’ program on 
older workers; excerpt from address. Mon. 
Labor Rev., 79: 1054-1055, 1956. 

Quarles, J. N.: Some tips to the older employee. 
Personnel & guid. J., 35: 251, 1956. 

U. S. Department of Health, Education and 
Welfare. Social Security Administration. Bureau 
of Old-Age and Survivors Insurance: Applicants 
for account numbers; January-March 1956. 
Div. Prog. Anal., Economic Studies Branch, 
Dec. 1956, 7 pp. 

U. S. Department of Labor: Older worker ad- 
justment to labor market practices; an analysis 
of experience in seven major labor markets. 
U. S. Govt. Print. Office, Washington, Sept. 
1956, BES No. R151, 269 pp. 


U. S. Department of Labor. Bureau of Labor 
Statistics: Job performance and age; a study in 
measurement. U. S, Govt. Print. Office, Wash- 
ington, Sept. 1956, Bull. No. 1203, 72 pp. Abstr: 
Soc. Sec. Bull., 20: 24, 1957. 

U. S. Department of Labor. Bureau of Labor 
Statistics: Older workers under collective bar- 
gaining. Part I. Hiring, retention, job termina- 
tion. U. S. Govt. Print. Office, Washington, 
1956, Bull. No. 1199-1, 30 pp. Abstr: Soc. Sec. 
Bull., 19: 24, 1956. 

U. S. Department of Labor. Bureau of Em- 
ployment Security: Pension costs in relation to 
the hiring of older workers. U. S. Govt. Print. 
Office, Washington, 1956, 26 pp. Abstr: Soc. 
Sec. Bull., 20: 24, 1957. 

Wolfe, J. M.: Alleviating the shortage of nurses. 
Sch. & Soc., 84: 162-164, 1956. 

Anonymous: Age alone no criterion of job per- 
formance. Personnel & guid. J]., 35: 204-205, 
1956. 

Anonymous: Labor department comes to aid of 
oldsters with data on work efficiency. Business 
Wk., —: 70, Dec. 29, 1956. 


See also Nos. 20518, 20549. 


Economic Prosiems: Retirement and Pensions 
(See also Social Security) 

Ackerman, L. J.: Financing pension benefits. 

Harv. Bus. Rev., 34: 63-74, 1956. 

Addicks, I. S.: Railroad retirement beneficiaries. 

Mon. Labor Rev., 79: 1162, 1956. 

Addicks, I. S.: Civil service retirement system. 

Mon. Labor Rev., 79: 1162-1164, 1956. 

Kemp, W. H.: And for everyone, a pension? 

GP (Kansas City, Mo.), 14: 128-130, 1956. 


JOURNAL OF GERONTOLOGY 


20570. 


20571. 


20572. 


20573. 


20574. 


20575. 


20576. 


20577. 


20578. 


20579. 


20580. 


20581. 


20582. 


20583. 


20584. 


20585. 


20586. 





Métraux, R.: The physician’s contribution to | 


the role of older persons in society. 5. Effects 
of cultural anticipation and attitudes toward 
aging. Res. Publ. Ass. nerv. ment. Dis., 35: 
(1955), 248-251, 1956. 

Myers, R. J.: Experience of the UMWA wel- 
fare and retirement fund. Industr. & Labor 
Rel. Rev., 10: 93-100,, 1956. 

Pope, P.: Needed; retirement reciprocity. Li- 
brary J., 81: 2480, Nov. 1, 1956. 

Sargent, D. S.: The physician’s contribution to 
the role of older persons in society. 3. Retire- 
ment, with special emphasis upon retirement 
plans. Res. Publ. Ass. nerv. ment. Dis., 35; 
(1955), 242-245, 1956. 

Tuckman, J.: Retirement attitudes of compul- 
sory and noncompulsory retired workers. Geri- 


atrics, 11: 569-572, 1956. 


Tyhurst, J. S.: The physician’s contribution to 
the role of older persons in society. 2. Retire- 
ment. Res. Publ. Ass. nerv. ment. Dis., 35: 
(1955), 237-242, 1956. 


U. S. Congress. House. Select Committee on 
Survivor Benefits: Providing benefits for sur- 
vivors of servicemen and veterans. Report to 
accompany H. R. 7089. U. S. Govt. Print. 
Office, Washington, 1955, 2 vols. 


U. S. Congress. Senate. Committee on Finance: 
Survivor Benefit Act. Hearings, 84th Congress, 
2d Session, on H. R. 7089: An act to provide 
benefits for the survivors of servicemen and 
veterans. U. S. Govt. Print. Office, Washington, 
1956, 268 pp. 


Anonymous: New pension scheme for seafarers 
in Finland. Industr. Labour, 16: 176-178, 1956. 
Abstr: Soc. Sec. Bull., 19: 24, 1956. 


VI. Housinc anp Care 


Brizzolari, G.: Casa di ricovero in campansi. 
Longevita, 4: (5), 143-146, 1956. 


Butler, P.: (Present problem of care of the 
aged.) Svenska Lakartidn., 53: 1937-1951, 1956. 


Carlotti, G.: Casa di riposo di foligno. Longe- 
vita, 4: (5), 139-142, 1956. 


Norway. Old People’s Health Committee: 
(The living conditions and state of health of 
old people.) The National Tuberculosis and 
Public Health Association, Oslo, 1956, 95 pp. 


Profili, I.: Ricovero di mendicita di spoleto. 
Longevita, 4: (5), 137-139, 1956. 


Queen Elizabeth Benevolent Home: Annual re- 
port; 1955-56. The Home, Ballarat, Victoria, 
1956, 36 pp. 


U. S. Senate. Committee on Labor and Public 
Welfare: Studies of the aged and aging: Care 
of the aging by the Veterans’ Administration. 
U. S. Govt. Print. Office, Washington, 1956, 
Selected Doc. Vol. VI., vi, 92 pp. 


Anonymous: West Coast hotel is designed to 
appeal to retired oldsters. Business Wk., —: 
146, 18, 1956. 























































20587. 
20588. 


20589. 


20590 


20591 


20592 


20598 


20594 


2059° 


2059 


2059 


2059 


2059 








bution to | 


5. Effects 


Ss toward | 


Dis., 35: 


WA wel- 
& Labor 


city. Li- 


ution to 
. Retire- 
tirement 


Dis., 35: 


compul- 
's. Geri- 


ution to 
. Retire- 
Dis., 35: 


ittee on 
for sur- 
eport to 
. Print. 


‘inance: 
ongress, 
provide 
en and 
1ington, 


eafarers 
8, 1956. 


npansi. 


of the 
|, 1956. 


Longe- 


mittee: 
ulth of 
is and 
) pp. 

poleto. 


ual re- 
ctoria, 


Public 
- Care 
ration. 

1956, 


ied to 


” 








20588. 


20589. 


20590. 


20591. 


20592. 


20593. 


20594. 


20595. 


20596. 


20597. 


20598. 


20599. 


20600. 


20601. 


20602. 


X. Socta, PRoBLEMS 
(includes social adjustment) 


Banham, K. M.: Estimating social incompetence 
in adults. Ment. Hyg., N. Y., 40: 427-437, 1956. 
Bowman, K. M.: How we adjust to old age. 
Sci. Digest, 40: 5-9, Oct. 1956. 

Chicago. Council of State Governments: State 
programs for the aging; a review of the prob- 
lem and of recent action in the states. The 
Council, Chicago, Dec. 1956, 53 pp. 

Delore, —.: Le vieillard dans la société moderne. 
Techn, hosp., Paris, 11: 15-17, 1956. 

Gaustad, V.: (The medical and social prob- 
lems of the elderly.) Tidssk. norske LaegeForen., 
75: 657-661, 1955. 

Madison (Wisconsin). Community Welfare 
Council. (Prepared by W. M. Beattie, Jr.): 
Dane county survey of health needs, services 
and facilities for the aging and long-term pa- 
tient. The Council, Madison, July 1956, xv, 106 
pp- 

Mitchison, N.: The right to die. Med. World, 
Lond., 85: 159-163, 1956. 

Tunbridge, R. E.: Medical and social problems 
of aging. U. N. educ. sci. cultural Org., Paris, 
7: 65-84, 1956. 

U. S. Department of Health, Education and 
Welfare. Committee on Aging: The states and 
their programs in aging. The Committee, 
Washington, June 1956, 133 pp. 

Washington (State of). Governor’s Council for 
Aging Research: Report of governor’s council 
for aging population from March 1954 to No- 
vember 1956. The Council, Olympia, Wash., 
Nov. 1956, iv, 79 pp. 

See also No. 20158. 


XI. Socta, Groups 
Germany. Federal Republic. Statistisches Bun- 
desamt: Die gerechtlichen Ehelésungen im 
Bundesgebiet im Jahre 1954. Statist. Berichte, 
VIII/13/6, Oct. 1955, 18 pp. Abstr: P. I., 22: 
No. 4234, 1956. 
Klinger, A., and E. Szabady: (Trend of marriage 
rates in Hungary.) Statist. Szemle, 34: 218-238, 
1956. Abstr: P. I., 22: No. 4236, 1956. 
Metrop. Life Insur. Co.: Married population at 
new high. Statist. Bull. Metrop. Life Insur. Co., 
37: 4-5, May 1956. Abstr: P. I., 22: No. 4239, 
1956. 
Paes Moraes, J. J.: Tabuas de extincao de 
solteiros para 1940 e 1950. Centro Estud. 
Demogra., —: (9), 235-243, 1954-1955. Abstr: 
P. I., 22: No. 4175, 1956. 
Pressat, R.: Le remariage des veufs et des 
veuves. Population, 11: 47-58, 1956. ° Abstr: 
P. I., 22: No. 4234, 1956. 


XII. Soctat Security 
Addicks, I. S.: Retirement and survivors benefit; 
civilian workers under Federal OASI; Armed 
Forces. Mon. Labor Rev., 79: 1161-1162, Oct. 
1956. 


INDEX TO CURRENT PERIODICAL LITERATURE 
20603. 


20604. 


20605. 


20606. 


20607. 


20608. 


20609. 


20610. 


20611. 


20612. 


20613. 


20614. 


20615. 


20616. 


20617. 


20618. 


20619. 





241 





Burns, E. M.: Social security and public policy. 
McGraw-Hill Book Co., New York, 1956. 


Campbell, D. F., Jr.: The Social Security Act; 
twenty years experience. J. Accountancy, 102: 
27-34, 1956. 


Cohen, W. J., and F. F. Fauri: The Social 
Security Act amendments of 1956. Publ. Wel- 
fare, 14: 183-199, 1956. Abstr: Soc. Sec. Bull., 
20: 21, 1957. 


Contreras Poza, L.: Algunos aspectos y ensefian- 
zas de la Asistencia a la Sociedad en Francia, 
en relacion con la Administracién Sanitaria. 
Rev. Sanid. Hig. publ., Madr., 30: 214-259, 1956. 


Cubas, E.: Desarrollos recientes en el campo de 
la seguridad social (1953-1955); volumen II 
(America). Conferencia Interamericana de 


Seguridad Social, Mexico, 1956, 202 pp. 


Herrera Bornia, O.: Seguridad Social en la 
Republica Dominicana. Impresora Arte y Cine, 
Ciudad Trujillo, 1955, 508 pp. Abstr: Soc. Sec. 
Bull., 20: 21, 1957. 


Salustiano Filho, J.: O médico na InstituiGao de 
Previdéncia. Rev. Paulista Med., S. Paulo, 48: 
484-486, 1956. 


U. S. Department of Labor. Women’s Bureau: 
What social security means to women, U. S. 
Govt. Print. Office, Washington, 1957, No. 3, 
26 pp. 


U. S. Library of Congress. Legislative Reference 
Service: Old-age, survivors, and disability insur- 
ance and public assistance, showing changes 
made by the Social Security Amendments of 
1956 (Public Law 880—84th Congress). U. S. 
Govt. Print. Office, Washington, 1956, 30 pp. 


U. S. Senate. Committee on Labor and Public 
Welfare: Studies of the aged and aging: Sum- 
mary of Federal legislation relating to older 
persons. U. S. Govt. Print. Office, Washington, 
1956, vi, 34 pp. 


Anonymous: Aged beneficiaries of OASI. Soc. 
Sec. Bull., 19: 18-19; 31-32, Dec. 1956. 


Anonymous: Compulsory pension scheme for 
independent workers in Belgium. Industr. 
Labour, 16: 307-311, 1956. Abstr: Soc. Sec. Bull., 
20: 21, 1957. 


Anonymous: Family benefits in current-pay- 
ment status; June 30, 1956. Soc. Sec. Bull., 19: 
16-17, Dec. 1956. 


Anonymous: National old-age insurance scheme 
in the Netherlands. Industr. Labour, 16: 346- 
349, 1956. Abstr: Soc. Sec. Bull., 20: 24, 1957. 


Anonymous: Note the changes in social security. 
Changing Times, 10: 29, Oct. 1956. 


Anonymous: La previdenza sociale e i suoi 
attuali problemi nelle interviste del Prof. Petrilli, 
dell’?On. Corsi e dell’On. Morelli. Riv. Infort. 
mal. Profes., 43: 177-192, 1956. 


Anonymous: Social security; increase in pen- 
sions in France. Industr. Labour, 16: 305-307, 
1956. Abstr: Soc. Sec. Bull., 20: 24, 1957. 











242 


20620. 


20621. 


20622. 


20623. 


20624. 


20625. 


20626. 


20627, 


XIII. 


JOURNAL OF GERONTOLOGY 


SociaL Services AND SoctaL Work 


Downing, J.: Factors affecting the ‘selective use 
of a social club for the aged. J.’ Geront., 12: 
81-84, 1957. 


Gaustad, V.: (The, status of qccupational ther- 
apy.) Tidssk, norske LaegeForen., 74: 523-524, 
1954. 


Kanavin, E.: (The tasks of the social worker. 
Experiences for the Geriatric Department, 
Ulleval Hospital, Oslo.) Tidssk. norske Laege- 
Foren., 74: 92-95, 1954, 


Kjeldsen, AA., and E. Storsteen: (Home help 
services for the elderly.) Sos. Arbeid, 27: 264- 
286, 1953. 


Kjeldsen, AA., and E. Storsteen: (Experiences 
of home help service for elderly.) Sos. Arbeid, 
30; 65-85, 1956. 


New York. Jewish Vacation Association: The 
years between. The Association, New York, 
Jan. 1957, 28 pp. 


Ziirich, J. R.: Der Haushifedienst der Stiftung 
“Fiir das Alter” in der Stadt Ziirich, Schweiz. 
med. Wschr., 85: 847-848, 1955. Abstr: Z. 
Altersforsch., 10; 187, 1956. 


Anonymous: Summer camp for seniors; Hudson 
guild farm. N. Y. Times Mag., —: 60, Aug. 19, 
1956. 


See also No. 20407. 


20628. 
20629. 


2 1630. 


20631. 
20632. 
20633, 
20634. 
206385. 


20636. 


20637, 
20638, 
20639. 


20640, 


POPULAR ARTICLES 


Bliven, B.: Few words from the shelf. Harper, 
213: 46-49, Sept. 1956. Ibid., 8, Dec. 1956. 
Crowther, S.: Are we junking our mature 
brains? Coronet, 41: 142-146, Nov. 1956. 
Desmond, T, C.: When you retire, look before 
you migrate. Today’s Hlth., 35; 20-23, Jan, 
1957. 

Gleason, G.: Horizons for older people. Mae- 
millan Co.; New York, 1956. 

Gunston, D,: Oldest things alive (animals), 
Sci. Digest, 40: 77-80, Dec. 1956. 

Pfeiffer, J.: Can science conquer death? Cor. 
onet, 41; 122-125, Dec. 1956. 

Tarbox, T.: Youngstown,’ Arizona, USA, Ari- 
zona Hlth., 33; 6-9, Jan. 1957. 

Wolcott, W. B.: Fairlawns.. Nat. Parent Teach, 
51: 24-26, Jan. 1957. 

Anonymous: ,Boom: oldest living persons— 
Sefior Pereira. New Yorker, 32: 36-37, Oct. 6, 
1956. 

Anonymous: Getting a job after forty-five, 
Changing Times, 10: 37-39, Nov. 1956. 
Anonymous: Old man on exhibit—J. 
Newsweek, 48: 80, Oct. 8, 1956. 
Anonymous: Retirement haven. Time, 68: 92, 
Dec. 17, 1956. 

Anonymous: Want old folks to be busy and 
independent? Sei. News .Lett., Wash., 70: 184, 
Sept. 22, 1956, Also in: Sci. Digest, 40: 22, Dec. 
1956. 


Pereira, 








